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Scientific Names of Potato-Infesting Aphids’ 
By D. Hite Ris LamMsers? ano M. E. MacGriivray* 


Although the common aphids that infest Solanum tuberosum L. in North 
America and Europe appear to be the same, different scientific names are used 
for them on the two continents*. This unsatisfactory situation is confusing to 
both entomologists and virologists and should be corrected. This paper presents 
the preferred scientific names. Only the most important synonyms are discussed. 


Aphis nasturtii Kaltenbach 
Aphis nasturtii Kaltenbach, 1843: 76. 
Aphis rhamni of various authors (mec Fonscolombe, 1841). 
Aphis abbreviata Patch, 1912: 170. 

In North America the name Aphis abbreviata Patch, 1912, is commonly used 
for this potato-infesting aphid. In Europe before 1951 it was known as Aphis 
or Doralis rhamni Boyer de Fonscolombe, 1841. The name Aphis rhamni Fonsc. 
relates to a very different species inhabiting Rhamnus alpina L. (Borner, 1952b; 
Taylor and Gair, 1954). Wilson and Vickery (1918) placed the latter species in 
the genus Myzus Pass. and Del Guercio (1909) erected the new genus Machia- 
tiella for it. Machiatiella rhamni (Fonsc.) is not a well known aphid but through 
the courtesy of Dr. G. Remaudiére of Paris we were able to examine slides of 
this. There is no doubt that Boyer de Fonscolombe’s (1841) description of 
Aphis rhamni relates to this aphid and not to the aphid on potato, so that the 
name Aphis or Doralis rhamni should not be used for the potato-infesting species. 

Aphis nasturtii undoubtedly was the name given by Kaltenbach (1843) to 
the aphid that’ migrates from Rhamnus spp. to various herbaceous plants, includ- 
ing Solanum tuberosum L. and Nasturtium spp., now called Rorippa spp. (not 
Tropaeolum major L. which in English is called nasturtium). The host plants 
recorded by Patch (1924) for A. abbreviata Patch are very similar to those record- 
ed in Europe for A. nasturtii Kitb. In Maine the senior author found A. nastur- 
tii Kitb. infesting Rorippa sp., probably R. sylvestris (L.) Bess. Kaltenbach 
(1843) originally described the species from Nasturtium amphibium and N. 
sylvestris, now called Rorippa amphibia (L.) Bess and R. sylvestris (L.) Bess. 

Comparison of cotypes of A. abbreviata Patch and European material of A. 
nasturtii K\tb. and both authors’ observations of this species on its host plants on 
both continents showed that the species called Aphis abbreviata Patch in North 
America is the same as the species now called Aphis nasturtii Kitb. in Europe. 
In North America the species apparently was not described under other names 
before Patch (1912), but in Europe this polyphagous aphid was recorded many 
years before and there are many synonyms. 

Borner and Schilder (1932) placed this species under the name rhamni Fonsc. 
in the genus Doralis Leach but in 1952 Borner placed it in the subgenus Leuco- 
siphon Borner, 1952 (type Aphis farinosa Gmelin, 1790) of the genus Medoralis 
Borner, 1952 (type Aphis pomi Degeer, 1773). However, in the same publica- 
tion, Bérner (p. 265) changed Leucosiphon to Aphidula Nevsky, 1929 (type 
Aphidula althaeae Nevsky, 1929). Aphidula Nevsky, 1929, contained two species 


c Contribution No. 3897, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 

2Entomologist, Bladluisonderzoek T.N.O , Bennekom, Netherlands. 

3Associate Entomologist, Field Crop Insect Section, Entomology Laboratory, Fredericton, N.B. 

4Nomenclature of the common potato aphids (Hem., Aphididae) by C. E. Taylor appeared in 1958, 
Ent. Mon. Mag. 94: 169-170 after the present paper was completed. 
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when erected, A. althaeae Nevsky and A. flava Nevsky. A. flava Nevsky, 1929, 
is identical with or very near to nasturtii K\tb., 1843; and Nevsky (1929b) placed 
both species in Aphis L. and rejected his own new genus. 

Although the genus Aphis L. in the present European sense is much more 
homogeneous than that genus in American literature (e.g., Palmer, 1952), Borner 
(1952b) split it further into several genera and subgenera. Probably a subdivision 
of the genus can be defended but we cannot wholly accept Borner’s breakdown, 

Therefore this potato-infesting aphid should be called Aphis nasturtii Kalten- 
bach, 1843, and, if a further division is used, Aphis (Aphidula) nasturtii Kalten- 
bach, 1843. 

Myzus persicae (Sulzer) 
Aphis persicae Sulzer, 1776: 105. 
Aphis convolvuli Kaltenbach, 1843: 40. 
Myzodes tabaci Mordvilko, 1914: 52. 

This potato-infesting species is very polyphagous and because it has been 
described from many different plants as new it has many synonyms. At present 
the specific name persicae ( Sulzer) is accepted by both Europeans and North 
Americans, but there is controversy about the correct generic name. 

Mordvilko (1914) gave the name Myzodes tabaci Mordv. to this insect, 
thereby introducing the generic name Myzodes Mordvilko, 1914. This name 
has seldom been used except by Mordvilko, but Borner (1930, 1952b) and Borner 
and Schilder (1932) used it, first as a subgenus of Phorodon Passerini, 1860, and 
later as a full genus. Borner (1930) separated Myzodes Mordv., 1914, from 
Myzus Pass., 1860, because of the presence of two hairs on the first joint of the 
hind tarsus in Myzodes Mordv., 1914, and of three hairs in Myzus. Borner 
(1952b) placed Myzodes and Myzus in different groups because nymphs of 
Myzus have spinules between the hairs of the hind tibiae, which do not occur in 
the group to which Myzodes belongs. This subdivision when applied to Euro- 
pean aphids leads to a neat separation of species of “Myzus” that have (at least 
during part of their cycle) swollen siphunculi (Myzodes Mordv., 1914) from 
Myzus that never have swollen siphunculi. The latter group contains such 
species as M. lythri (Schrank, 1801), M. ornatus — 1932, and the type of the 
genus, M. cerasi (F., 1775) all of which are found in Europe and in North 
America. Evidently persicae Sulz. differs sufficiently from the type of Myzus 
to justify placing it in a different unit. But Hille Ris Lambers (1946, 1949, 1952) 
writes that the name Nectarosiphon Schouteden, 1901, should be used instead of 
Myzodes Mordv., 1914. Borner (1952a, {952b) disputes this. MacGillivray 
(1958) reviews the controversy in detail with the following conclusion: Since 
Nectarosiphon Schout., 1901, is a new name for Macrosiphum del Guercio, 1900, 
and has as type the type species of Macrosiphum del Guercio, Aphis convolvuli 
Kltb., 1943 (= Aphis persicae Sulzer, 1776) therefore Nectarosiphon replaces 
Myzodes Mordv., 1914. Each has the same species, under different specific 
names, as type. 

We prefer at this time to use the name Nectarosiphon as a subgenus of 
Myzus Pass. rather than as an independent genus. Myzodes Mordv. is a syn- 
onym of Nectarosiphon Schout. and therefore cannot be used. 

This species should then be called Myzus (Nectarosiphon) persicae (Sulzer, 
1776). 


Macrosiphum euphorbiae (Thomas) 


Siphonophora euphorbiae Thomas, 1878: 6. 

Nectarophora solanifolii Ashmead, 1882: 92. 

Macrosiphum gei Theobald, 1926: 108 partim (nec Koch, 1855). 
Macrosiphon koehleri Borner, 1941: 288. 
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Thomas (1878) described this species, using the generic name Siphonophora, 
which was preoccupied and replaced by Macrosiphum Passerini, 1860. Patch 
(1907) records that Nectarophora solanifolii (Ashmead, 1882) had been abundant 
on potatoes in Canada and Maine since 1904. Also Nectarophora Oestlund, 
1887, was later replaced by the older generic name Macrosiphum Pass., 1860. 
This aphid in North America, when found on potatoes, has since 1911 been 
generally called Macrosiphum solanifolii (Ashm.). In Europe the name Macro- 
siphum solanifolii was used a few times after 1922, and a number of other names 
were applied when it was found on plants other than potato. Bérner (1941)° 
gave the new name Macrosiphon koehleri to this species but later (1952b) used 
the name Macrosiphum solanifolii (Ashmead), rejecting the introduction of the 
name Macrosiphum euphorbiae Thomas, 1878, for this potato-infesting aphid by 
Hille Ris Lambers (1938, 1939). Bérner’s point of view was accepted by Taylor 
and Gair (1954) in England. As the matter has not been discussed in detail 
we summarize it here. 


Theobald (1926) declared Nectarophora solanifolii (Ashm., 1882) to be a 
synonym of Siphonophora gei Koch, 1855, and the name Macrosiphum gei 
(Koch) was widely used, especially by virus workers following Theobald. Hille 
Ris Lambers (1939) demonstrated that gei Koch is an oligophagous species, 
restricted to Geum spp. and to a few Umbelliferae, and that it can be distinguish- 
ed by morphological characters from the aphid infesting potato. M. gei (Koch) 
is not known from North America. 


Hottes and Frison (1931) followed Theobald (1926) in using M. gei (Koch) 
for the potato-infesting aphid. After examining type material of Siphonophora 
euphorbiae Thos., collected from Euphorbia maculata L., they declared that M. 
gei reported from potato and S. euphorbiae Thos. were identical. 


Hille Ris Lambers (1938, 1939) replaced the name M. solanifoliit (Ashm.) by 
M. euphorbiae (Thos.) on the basis of Hottes and Frison’s (1931) conclusions 
that M. euphorbiae is the same as the aphid on potato, which they erroneously 
called M. gei (Koch). A balsam slide of M. euphorbiae collected near Fort 
Collins, Colorado, from Euphorbia marginata Pursh was provided by Professor 
M. A. Palmer, Fort Collins, Colorado. The material consisted of apterous and 
alate viviparae and oviparae. These were carefully cleared and remounted so 
that the chaetotaxy could be studied. These specimens did not differ from ex- 
tensive material collected from potatoes in many localities in Europe, Africa, and 
North America. A request for making a type slide of Siphonophora euphorbiae 
Thos. available for examination was not granted. 


Gillette and Palmer (1934) pointed out that M. euphorbiae (Thos.) is very 
close to, if not identical with M. solanifolii (Ashm.). According to their key to 
Macrosiphum species they could not find morphological differences between 
them but they continued to treat them as different species. They stated that 
oviparae were found on Euphorbia spp., whereas those of Ashmead’s species 
should occur only on rose. Patch (1915) had shown that M. solanifolii altern- 
ates between Rosa spp. and herbaceous plants, including Solanum tuberosum L. 
But oviparae of this potato-infesting aphid are produced and mature on many 
different plants, both in nature and under experimental conditions. In Europe, 
the species survived the winter in the egg stage on Euphorbia esula L., Escallonia 

5Bérner (1952) lists on p. 160 M. koehleri C.B. 1937 and in the index on p. 298 koehleri Macrosiphon 
C.B. 1937, p. 80. The year 1937 is evidently incorrect. In a footnote Heinze and Profft (1940, p. 9) 
write that Bérner considers the European potato aphid different from the American one described by Ash- 
mead and that Bérner calls his new species Macrosiph koehleri Bérner. They state that they have learned 
this in conversation and through a letter from Bérner. The first description, where the species is mentioned 
as kihleri C. B. nov. spec., in the genus “Macrosiphon Pass. — del Guercio (Macrosiphum Pass.)” is in 


Birner (1941) on p. 288 That paper is an annual report of the laboratory where Borner worked and it 
might have been written in 1937, but it was published in 1941. 
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sp., Solanum tuberosum L., and Lycium sp. (Hille Ris Lambers, 1939). In 
North America sexuales were recorded from Iris sp. and Scrophularia sp. (Hottes 
and Frison, 1931). At Fredericton, N.B., sexuales and eggs were found by the 
junior author on Sonchus arvensis L., and Capsella bursa-pastoris (L.) Medic. as 
well as on Rosa sp.; and under experimental conditions sexuales were produced 
and eggs were laid on practically every plant tested, including potato. There- 
fore the occurrence of oviparae of M. euphorbiae on E. marginata Pursh is not 
a good argument for treating M. euphorbiae (Thos.) and M. solanifolii (Ashm.) 
as different taxa. Palmer (1952) listed M. euphorbiae (Thos.) as a synonym of 
M. solanifolii (Ashm.). This cannot be accepted since Siphonophora euphorbiae 
(Thos.) was described first and is not preoccupied. 


Borner (1952b) considered M. solanifolii (Ashm.) and M. euphorbiae (Thos.) 
distinct species. In 1941 Borner called it Macrosiphon kébleri n. sp. and wrote 
that in E urope it occurs only in its green form and hibernates there viviparously, 
He repeats in 1952 that in Germany M. solanifolii reproduces exclusively by 
parthenogenesis. He also suggested ‘that the sexuales found in North America 
belonged to other species of Macrosiphum Pass. and that Patch (1907, 1915) dealt 
with a species other than Ashmead’s. He stated that his co-worker F. P. Miiller 
in his experiments failed to transfer this potato-infesting species to various species 
of Euphorbia in Germany. However, like Heinze and Profft (1940), the senior 
author has found the red variety several times on potato in Germany, and has 
bred sexuales on potato and found fundatrices on Euphorbia esula L. in the 
Netherlands. Establishment on this plant of specimens from potato in late 
summer also was possible. In North America sexuales have been reared on 
potato (Patch, 1907; Shull, 1929). 

Remaudiére (1951) suggested that Aphis solani Kittel, 1826, is the species 
under discussion. Borner (1952b) stated that Kittel’s name should be used for 
this aphid but he did not apply it. Kittel’s aphid names of 1826 have no stand- 
ing according to the International Rules of Zoological Nomenclature since many 
of his names are polynominals. This eliminates the name solani Kittel. 


There is, then, a fairly cosmopolitan, poly phagous species of Macrosiphum 
on potato for which the oldest known valid name is Macrosiphum euphorbiae 
(Thomas, 1878). 


Aulacorthum solani (Kaltenbach ) 
Aphis solani Kaltenbach, 1843: 15. 
Aulacorthum pelargonii Mordvilko, 1914: 52 (nee Kaltenbach, 1843). 
Myzus pseudosolani Theobald, 1922: 8. 
Myzus convolvuli of various authors (mec Kaltenbach, 1843). 

This potato- infesting species is poly phagous and various authors have des- 
cribed it as a new species when they found it on plants other than potato. Patch 

(1928) said that it evidently was introduced into North America. 

The specific names pseudosolani Theobald, 1822, solani Kaltenbach, 1843, 
and convolvuli Kaltenbach, 1843, have been used on both continents for this aphid 
when found on potato. The names pseudosolani Theob. and solani Kltb. relate 
to this schane iedentie species, but Kaltenbach’s description of convolvuli, 1843, 


unmistakably relates to Myzus (Nectarosiphon) persicae (Sulzer) as shown by 
Hille Ris Lambers (1946, 1949). Therefore solani is the correct specific name. 
Borner (1952b) stated that Aphis solani Kltb., 1843, is preoccupied by Aphis 
solani Kittel, 1826. But we have already shown that Kittel’s names cannot be 
accepted. Bérner (1952b) also stated that there are six very similar polyphagous 
species and one subspecies that infest one: He separates these species on very 

erences that are, in our opinion, only clonal 


small morphological and biological di 








XC 


dif 


Pas 








XC THE CANADIAN ENTOMOLOGIST 325 


differences and are unreliable statistically. Therefore the specific name solani 
Kaltenbach, 1843, remains available for this potato-infesting aphid. 


In North America, this species has generally been placed in the genus Myzus 
Pass., 1860 (Palmer, 1952; Essig, 1947; Hottes and Frison, 1931). There has been 
disagreement between American and European aphid specialists on the concept of 
this genus. In Europe at present, the name Myzus Pass. is restricted to Myzus- 
like species that lack secondary rhinaria (sensoria) on the antennae in their adult 
apterous morphs and that in the alate morphs have a distinct, dark, central sclero- 
tic patch on the abdomen. In addition, the frontal tubercles are covered with 
small nodules, spinules, or scales and are angular, with converging inner sides. 
Borner (1952a, 1952b) further restricted the use of the name Myzus Pass. to 
species that as nymphs have spinules or nodules between the hairs on the dorso- 
apical part of the hind tibiae. In North America (Palmer, 1952; Mason, 1940) 
species that lack a central abdominal patch in the alatae or that have secondary 
rhinaria in the apterae are also included in Myzus Pass. while less value is attach- 
ed to the shape of the frontal tubercles. Palmer (1952) in her key to the genera 
of the Macrosiphina stated for Myzus: “Frontal tubercles pronounced and not 
diverging, often converging”. That there has been doubt about placing solani 
Kltb. in Myzus Pass. is evident from the following examples. In Europe 
Schouteden (1901, 1906), Theobald (1913), Gaumont (1923), Zirnits (1927), 
Opmanis (1928), and Borner and Schilder (1932) and in America Bartholomew 
(1932) discussed this species under various specific names in the genus Macro- 
siphum Pass., while using the genus Myzus Pass. for other species. Palmer 
(1952), discussing Myzus solani (Kltb.), wrote: “The frontal tubercles approach 
Macrosiphum but the hairs and cauda are like Myzus.” In Europe the species 
has been placed in Aulacorthum Mordvilko, 1914, a genus specially erected for 
the species. Hille Ris Lambers (1947) suggested that this genus is indigenous in 
the Old World and that it has been introduced inte America, New Zealand, and 
other parts of the world. 


Borner (1952b) replaced Aulacorthum Mordv. by Dysaulacorthum Borner, 
1939°, originally erected as a subgenus of Aulacorthum Mordv. He considered 
that Figs. 36 and 46 of Mordvilko (1914) represent different species though both 
are captioned Aulacorthum pelargonii (Kltb.), stating that Fig. 36 is of the smooth 
head of the true pelargonii Kltb. and that Fig. 46 is of the siphunculi and cauda of 
solani Kitb. Although Mordvilko did not draw the small nodules that are present 
on the head of solani Kltb., probably considering them irrelevant, the head drawn 
in Fig. 36 is certainly not the head of the true pelargonii Kltb. That species has a 
much wider space between the frontal tubercles, a small elevation on the middle 
of the front, and different hairs in a different arrangement on the antennae. The 
captions of Figs. 36 and 46 state that the material came from Amsterdam. Van 
der Goot had sent this. Wan der Goot (1915) clearly described solani Kitb. but 
under the name Macrosiphum pelargonii Kltb. Part of Van der Goot’s sample 
from Amsterdam still existed in 1944 and examination by the senior author showed 
that it consisted only of solani Kitb., but it was labelled pelargonii. We agree 
with Mordvilko (1914) that his Figs. 36 and 46 represent only one species, solani 
(Kitb). 


The type of Dysaulacorthum Borner, 1939 is Dysaulacorthum langei Borner, 
1939. Borner (1939, 1942) stated that this species has no secondary rhinaria in 
apterae and alatae. This is a very rare phenomenon in alatae, known only in some 
aphid species from New Zealand. However, in 1952 Bérner wrote that the 
alatae have 0-3 rhinaria. Examination of cotypes of D. /angei Bérner revealed no 

‘Borner (1952b) wrote 1940. 
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further differences from solani Kltb., with which the species is congeneric, and of 
which it was, possibly, an abnormal clone (apterous dwarfs of the species from 
potato occasionally have no rhinaria on the third antennal segment). Dysaula- 
corthum Borner, 1939, we consider a synonym of Aulacorthum Mordvilko, 1914. 
Consequently the correct name for this potato-infesting species is Aula- 
corthum solani (Kaltenbach, 1843). Hille Ris Lambers (1949) pointed out that 
this species in Western Europe, in North America and also near the locality 
where Kaltenbach collected has apterous males, and erected the subspecies 4. 
solani orientale for the Central- and Eastern-European form with alate males. 


Smynthurodes betae Westwood 


Smynthurodes betae Westwood, 1849: 420. 
Tychea phaseoli Passerini, 1860: 39. 


This aphid, which sometimes infests the stolons of potato in Europe and 
North America, has generally been called Trifidaphis phaseoli (Passerini, 1860). 
Borner (1952b) and Stroyan (1956) have shown that the older name Smyn- 
thurodes betae Westwood, 1849, should be used. 


Rhopalosiphoninus latysiphon (Davidson) 
Amphorophora latysipbon Davidson, 1912: 408. 

This species is becoming economically important in Europe. The genus 
Rhopalosiphoninus was erected by Baker in 1920 for this species which was des- 
cribed by Davidson (1912) as Amphorophora latysiphon. Since 1920 the name 
has remained unchanged except for a short interval when some German authors 
(e.g., Rademacher, 1949), following Bérner (1933), placed the species in Myzodes 
Mordv., 1914, usually with Rhopalosiphoninus Baker, 1920, as a subgenus. How- 
ever, Borner (1952b) returned it to Rhopalosiphoninus Baker, 1920. 

The correct name of this species is Rhopalosiphoninus latysiphon (Davidson, 
1912). 
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A Method for the Close-up Photography of Insect Behaviour’ 
By M. D. Arxtns? 


Illustrations of insect behaviour often convey the information more clearly 
than written descriptions. Since most of us cannot draw well and drawings do 
not depict the quality of movement, the alternative lies with photography. In- 
dividual frames clipped from a motion picture sequence probably show a pattern 
of behaviour most suitably, but not all research establishments possess the neces- 
sary equipment. Even with cine apparatus, the difficulty of holding the subject 
within the field of focus and still permitting it to behave normally, presents a 
problem. 


In a recent study on the pre-flight behaviour of the Douglas-fir beetle, 
Dendroctonus pseudotsugae Hopk., a description of the beetle’s movements and 
attitudes was desired. However, some of them were too rapid to make adequate 
observations. Since a motion picture camera was not available, I decided to at- 
tempt a series of still pictures which would veveal the details of the different stages 
of pre-flight activity. The camera, a 35-mm. Asahiflex fitted with an extension 
bellows and a 50-mm. Takumar lens, was used in conjunction with a Multiblitz 
strobe light of 180 watt seconds intensity and .001 second duration. In the first 
attempt, after focusing the camera (a single lens reflex is essential) on a fixed 
point, I released an insect and exposed the film when the beetle entered the field 
of focus. This proved unsatisfactory, since the insect rarely performed at the 
proper location. 

I therefore decided to attempt to direct the insect into the field of focus. 
It was known thar the Douglas-fir beetle will walk up an incline, towards a source 
of light and into a flow of air. A small balsa-wood ramp was constructed having 
an angle of approximately 20 degrees. The upper end of it was tapered to 1! 
times the width of the insect so as to reduce the chance of the beetle moving 
out of the shallow depth of focus. A beam of light from a microscope 
illuminator four feet away was directed towards the ramp from a point directly 


c 1Contribution No, 526, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
Sanada. 
2Forest Biology Laboratory, Victoria, British Columbia. 
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Vig. 1. Douglas-fir beetle taking off from a balsa~-wood ramp. 


in front of it. When necessary a gentle flow of air was directed from the same 
location. 


The camera was focussed on a short portion of the upper end of the —_~ 
The subject-to-be was released at the lower end of the ramp and allowed to walk 
into the field of focus. Upon reaching the end of the ramp the beetle frequently 
took flight. The pre-flight behaviour and take-off was thus photographed by 
taking a series of single exposures just prior to flight. There was no observable 
difference between the behaviour of the beetles on the ramp and those on a 
larger surface. An example of the results obtained is shown in Fig. 1. 

The success achieved with the Douglas-fir beetle indicates that if a few facts 
are known about the basic reactions of an insect, they can be used to direct an 
individual into a position where either still or motion picture photography of its 
behaviour can be achieved. 


(Received February 5, 1959) 
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Biological Assessment of Aerial Forest Spraying Against Spruce 
Budworm in New Brunswick 

III. Effects on Two Overwintering Parasites’ 


By D. R. MacponaLp 


Forest Biology Laboratory, Fredericton, N.B. 


Introduction 

Studies of the effects of widespread DDT spraying on the parasite complex 
of the spruce budworm constitute part of a comprehensive program of biological 
assessment of the New Brunswick forest spraying operations that began in 1952. 
In the years 1952-1958 these operations covered over 9,000 square miles, prac- 
tically all the forested area of the northern part of the Province. Almost all 
areas have been treated two or more times; approximately 80 square miles of 
the original outbreak area has been sprayed five times, and an experimental plot 
has been sprayed in each of the seven years. This has involved the use of over 
7,000,000 pounds of DDT, applied mostly at the rate of one-half pound per acre 
in one-half U.S. gallon of oil solvent. 

Areas of moderate to severe attack in New Brunswick increased from 200 
square miles in 1949 to 20,000 square miles in 1957. Throughout the period, 
parasitism remained consistently low both in the sprayed areas and in the un- 
sprayed plots reserved for study purposes, seldom exceeding 40 per cent aggregate 
parasitism in the larval-pupal stages. Of some 26 species of parasites reared and 
identified from these plots, the most generally abundant throughout the period 
of the outbreak were those of the “overwintering group”, which attack in late 
summer and overwinter in the bodies of second-instar budworm hosts: the 
braconid Apanteles fumiferanae Vier. and the ichneumonid Glypta fumiferanae 
(Vier.). Since these species are practically the only ones present in the host 
in the third and fourth instars, when spraying begins, they occupy a unique 
position with respect to vulnerability to poisoning, and have been given separate 
attention in these studies for that reason. 

A full report on the effects of spraying on all parasite groups will be publish- 
ed in due course to cover the entire outbreak period. It should be noted that a 
decline in outbreak severity first became pee ae in budworm egg populations 
of 1957, continued in 1958, and may be virtually complete in 1959. Associated 
with the outbreak collapse in 1958 has been the first substantial increase in the 
effectiveness of other parasites in sprayed and unsprayed areas, due chiefly to a 
large increase in parasitism by the braconid Meteorus trachynotus Vier. This, 
together with other phenomena, such as the resurgence of Horogenes cacoeciae 
(Vier.), a parasite more characteristic of endemic outbreak levels, and the 
population behaviour of Glypta, reported below, are symptoms of final decline 
that have been noted previously in other outbreaks in Eastern Canada and the 
United States (Dowden et al., 1950; McGugan, 1948). 


Parasite Life Histories in Relation to Spraying 

An account of parasitism in relation to spruce budworm development has 
been published by McGugan (1955). Life histories of both overwintering para- 
sites have been described by Brown (1946a, b). 

Both Apanteles and Glypta attack first-instar budworms in late July or 
early August, before, or shortly after they enter hibernacula. They remain 
apparently inactive until after the hosts begin to feed the following May, and 

1Contribution No. 533, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
Eatommclogiod Serioty of Canada, Geusher 81, 1000, Gectoh, Out ad ie on ane dae chained 


the University of Michigan, School of Natural Resources, in partial fulfilment of the requirements for the 
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they tend to inhibit host development in the final stage before parasite emergence. 
Apanteles passes through three larval instars and emerges from fourth- or fifth- 
instar hosts. It spins an opaque white cocoon, usually on the branches, and the 
adult emerges shortly before budworm eggs hatch. Glypta fumiferanae, the 
larger of the two species, has four instars and emerges from retarded fifth- or 
sixth-instar hosts. It pupates in a thin, transparent cocoon on the branches and 
emerges during the period of budworm egg hatching. 

A fairly wide variation has been observed in the time of appearance of 
Apanteles cocoons in northern New Brunswick, from as early as about the peak 
of the fourth budworm instar, to the normal pupation period of budworms in 
late June or early July. Thus, some Apanteles may emerge from host larvae 
before, during, or following the time of application of insecticide, which usually 
occurs in the latter two weeks of June in this area (Webb, 1955). Less variation 
has been observed for Glypta. The earliest cocoons appear in early July, but 
most appear in the second and third weeks, some time after the last spraying. 


Methods 

Long-term aspects of the biological assessment are being carried out in several 
study areas on the Upsalquitch, Charlo, and Tobique watersheds in northern 
New Brunswick. Seventeen sampling “locations” have been established in these 
areas. In addition to the location sprayed every year, 12 locations have been 
sprayed in seven different combinations of years between 1952 and 1958, and 
four are in unsprayed check areas. Each location consists of five clusters of 
five co-dominant fir sample trees each, approximately 10 chains apart. Budworm 
sample counts are obtained from mid-crown branches, and are expressed in terms 
of branch surface area, as described by Morris (1955). Population estimates 
are obtained at periodic intervals throughout each budworm generation. Simul- 
taneous estimates of per cent parasitism are obtained at the following critical 
stages in the host’s life history: egg, peak third-instar, 25 per cent pupation, and 
50 per cent adult emergence. 

Apanteles and Glypta parasitism is measured from collections totalling, when- 
ever possible, at least 50 budworms from each cluster of five trees taken at the 
approximate peak of the third host instar, before there is any danger of the 
populations being affected by spraying. The larvae are preserved as collected, 
and are dissected later under a low-power microscope. Immature Apanteles and 
Glypta are readily separated by the features described by Brown (1946a, b). 

Additional experiments were carried out in 1955 and 1957, to assess the im- 
mediate effects of spraying on per cent parasitism, on a number of selected sample 
trees. A measure of prespray parasitism by Apanteles and Glypta was obtained 
in 1955 from collections of 50 larvae from the mid-crown of each of five selected 
trees. Cloth trays were set under each tree to catch budworms “knocked 
down” by the spray, and estimates of per cent parasitism of both living and dead 
larvae from the trays were obtained by rearing and dissections. Postspray para- 
sitism of surviving budworm populations was assessed one week after spraying, 
by collecting and rearing as many of the larvae and parasite cocoons as it was 
possible to obtain from all sections of the tree crowns. The same experiment was 
carried out in two areas in 1957, except that estimates of per cent parasitism 
were made from all crown levels both before and after spraying. 


Results 
Apparent Parasitism on Permanent Plots, 1952-1958 
The data for all sampling locations are listed in Table I and a graphic pre- 
sentation of results for a range of representative locations is shown in Fig. 1. 
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Fig. 1. Per cent parasitism by Apanteles fumiferanae Vier. and Glypta fumiferanae 
(Vier.) on a range of representative sampling locations. 
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TABLE I 
Percentage parasitism at peak of the third instar by Apanteles fumiferanae Vier. and 
Glypta fumiferanae (Vier.) in sprayed and unsprayed areas, 1952-1958 














| | 
Area | 1952 | 1953 | 1954 | 1955 | 1956 | 1957 | 1958 
No. | Years Sprayed 
A panteles fumiferanae Vier. 
1 1952, 53, 54, 55, 56, 57 38 |..24 27.6 19.4 | $2) O82 (323 
2 1952, 53, 56, 57 3.0 2.4 | 2.2 | 620}. 38 |} 38 12.8 
3 1952, 56 3.0 2 | teu? ee ce) 6.6 4 - 
4 1953, 56, 57 3:7 0.5 4.3.4. 344 3.0 | 10.5 | 17.0 
5 1953, 55*, 56, 57 - 4.0 8.0 | 12.0 0.4 | 4.2 | 14.8 
6 1953, 55*, 57 - K Py 1$.6. | 9.2 y See eee 
7 1953, 56 - |10.6 | 7.6 | 4.0 | 3.1 | 10.9 
8 | 1955*, 57 . - 76 | 56 | 2.4] 1.4 | 5.9 
Charlo Unsprayed 0.7 0.5 ia 1 48-4) as 10.9 13.0 
Tobique Unsprayed ; ~ 8.4 | 7.2 | jo 4.48 ee 
| 
| Glypta fumiferanae ( Vier.) 
1 1952, 53, 54, 55, 56, 57 10.4 6.8 | 3.6 | 3.6 | 0.4 0.4 1.3 
2 1952, 53, 56, 5/7 10.4 6.0 3 ee ae oe ee 2.1 
3 1952, 56 10.4 6.1 10:55 2.5) att 26 - 
4 1953, 56, 57 6.0 4.4 7.8 |. we ok, woe hee bse 
5 1953, 55*, 56, 57 - on So | 2-6 | 0.0 | 0.0 0.0 
6 1953, 55*, 57 9.2 Fe 4 See ee 0.0 
7 1953, 56 aoe 2.3) a 1-2 2 Oe 0.0 
8 | 1955*, 57 - | 68.)-32 4-62.41 88-108 
Charlo Unsprayed 6.0 Tat eb eee 2.4 | 3.9 2.7 
Tobique Unsprayed - ~ 17.6 5.9) RS | 0.5 0.0 


*Drift only. 


Apanteles fumiferanae: Parasitism by this species in unsprayed check plots 
was less than one per cent in 1952 and 1953 but increased to about eight per cent 
in 1954. It declined again in the next two years, to about one per cent in 
1956. A large increase occurred on most plots in 1957, to about 11 per cent, and 
this increased again to about 13 per cent in 1958. A similar trend is evident in 
the data for sprayed locations except that in most cases parasitism was con- 
siderably higher. It appears to be significant that, although differences in per 
cent parasitism between locations were relatively small in 1952 and 1953, the 
highest percentages in four of the five subsequent years occurred on sprayed 
locations, and the highest of all occurred on the location sprayed every year. 
Parasitism by this species was generally highest in 1958, when it ranged up to 
23 per cent on sprayed locations and up to 13 per cent on check plots. 


Glypta fumiferanae: ‘Trends of parasitism by this species differ from those 
of Apanteles in two important respects: (1) Per cent parasitism was highest in 
1952-1954 and declined more or less steadily thereafter on both sprayed and un- 
sprayed locations; (2) In Glypta, unlike Apanteles, the highest per cent para- 
sitism since 1954 almost invariably occurred in unsprayed plots. The highest 
percentages for the species were obtained on check plots in 1954, up to almost 
18 per cent in one case. Generally, however, the level of parasitism declined 
from about five to eight per cent in 1952-1954 to less than four per cent in 
1956-58. In 1958, the species was not recovered at all at four out of 10 sampling 
areas, including one check area. 

A further indication of the influence of spraying on per cent parasitism by 
these two species is given in Table II, which summarizes parasitism trends the 
year following treatment. This summary shows a distinct tendency toward in- 
creasing parasitism by Apanteles the year following spraying compared to an 
almost equal balance in increasing and decreasing parasitism in the unsprayed 
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TABLE II 


Frequency with which apparent per cent parasitism increased or decreased the year following 
spraying on sprayed locations, compared with trends for the same years on unsprayed check areas, 


1952-1958 
Frequency of Trend 
Parasitism Trend ee ae ne Se adeneateninietae-call 
A panteles Glypta 
Sprayed Locations 
Increasing . ety kere on 17 
No Change ; Ee Sette 3 oe Ae Seep 0 5 
Decreasing. op sd tGlek wad tndneetd 8 15 
Unsprayed Check Locations 
Increasing . PE Te AG te Ty 10 | 7 
No Change. . Eee nin'E a ena:stwd ve Reals x6 SOON Kan ORG 1 2 


Decreasing stg kcamuskis Rests Oi ata b om a ow Me daa ire is i1 | 13 


check plots. With Glypta, however, the trend toward decreasing parasitism is 
almost identical in sprayed and unsprayed locations. 


Immediate Effects of Spraying 

As in the case of the permanent plot data, the results of experiments to deter- 
mine the immediate effects of spraying on per cent parasitism were markedly 
different for Apanteles and Glypta (Table Ill). 

Apanteles: Prespray parasitism by Apanteles was of the order of seven to 
10 per cent in the case of the three separate experiments. A week after spray- 
ing, however, parasitism in the small budworm populations surviving the spray- 
ing on the branches was much higher, ranging from 14 to 37 per cent. Com- 
pared to this, parasitism in the populations that fell from the branches following 
treatment averaged 3.9 per cent in the case of the few still-living larvae and 2.6 
per cent for the large population of dead larvae. 

Glypta: In contrast to the results for Apanteles, no consistent differences 
can be detected in per cent parasitism of surviving and “knocked down” popula- 
tions, or between the living and dead components of the latter. 


Discussion 

The reasons for higher proportionate survival of Apanteles compared to 
the host or to Glypta appear to be as follows: 

(1) Apanteles larvae that emerge from the hosts and spin cocoons before 
spraying are relatively safe from poisoning. 

(2) Moribund hosts containing nearly-mature Apanteles larvae are less likely 
to contact residual insecticide deposits than healthy, actively-feeding ones. This 
undoubtedly accounts for their disproportionate abundance in post-spray residual 
populations. 

(3) Some Apanteles evidently are capable of emerging successfully from 
“knocked down” hosts. Even in the unlikely case that such hosts do not receive 
a fatal dose of poison they are seldom able to regain a feeding site and are 
effectively “dead” from the point of view of control. Undoubtedly this sort 
of post-mortem emergence occurs only in cases in which the parasite larva is 
well developed at the time of spraying and it has not been observed in the case 
of the more slowly developing Glypta. 

There is no indication in these results, or in others previously reported for 
this project (Webb, 1958), that either of these parasites is in danger of elimina- 
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TABLE III 


Summary of per cent parasitism on selected sample trees one week before spraying, and 
one week after spraying for budworm larvae (1) surviving on the branches; 
(2) living on trays beneath the trees; (3) dead on trays. Experiments carried out in 
1955 and at two locations in 1957 











Number Reared Per Cent Per Cent 
or Dissected A panteles Glypta 





| | | | 
1955 1957-A|1957-B| 1955 |1957-A/1957-B| 1955 |1957-A)1957-B 


Number of Trees 5 | See 8 ae = ee aE SR nae 


| } | | 
Prespray Sample 250 | 448 | 242 | 10.4| 7.8| 6.6) 4.4) 1.3] 1.7 
| } | | | 
Postspray Samples | 
(1) Living Budworm | 
Larvae on Branches | 142 251 | 79 | 27.5 | 14.3 36.7 a3))..225 33 
| | | 
(2) Living Budworm | | 
Larvae on Trays 57 | 207 | 174 8.8) 2.9) 0.0 | $.§ 2.4 2 
(3) Dead Budworm | | 
Larvae on Trays | 542 | 200 | 200 5.3 | 2:8) 6.3 | 3.9 0.5 2.0 
} | | 

















tion by spraying at the dosage and with the technique used in New Brunswick. 
Glypta fumiferanae has been the less effective species throughout, seldom para- 
sitizing more than five per cent of the budworm population. It has been some- 
what less abundant, proportionately, in sprayed areas than in unsprayed areas, 
but in both instances it has demonstrated a continuing decline in abundance that 
appears to have been characteristic of the population behaviour of this species in 
other outbreaks (Dowden 1950, McGugan 1948). Apanteles, on the other hand, 
has generally been several times as abundant as Glypta and, since it is less affected 
by spraying than the host, has been responsible for increased per cent parasitism 
in succeeding postspray budworm generations. 


It should be noted that this instance of increased per cent parasitism follow- 
ing spraying is of a somewhat different nature than those discussed by Butovitsch 
(1955), Ripper (1956), Ullyett (1947), and Peterson (1958). In the cases quoted 
by those authors, increased postspray per cent parasitism was caused by parasites 
that were in some protected location or stage separated from the host during the 
spraying, rather than within the body of the host. 
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Feeding the Pea Aphid, Acyrthosiphon pisum (Harr.) 
(Homoptera: Aphididae), on Plant Cuttings in Organic 
Nutrient Solutions’ 


By J. B. Marats?* 


Crop Insect Section, Science Service Laboratory 


St. Jean, Que. 


The artificial feeding of aphids has received renewed attention in recent 
years and many attempts met with limited success. Maltais (1952) reported on 
a simple apparatus for feeding aphids aseptically on chemically defined diets. 
At the time, several investigators on the artificial feeding of homopterous insects 
had succeeded in getting the insects to feed temporarily on special food mix- 
tures through different types of membranes, but the insects had neither grown 
nor reproduced. 

Kennedy and Mittler (1953) indicated that aphids may depend to a large 
extent on the natural turgor pressure of the host plant to feed normally. In a 
study of the uptake of phloem sap by Tuberolachnus salignus (Gmelin), Mittler 
(1957) demonstrated further that the considerable pressure in willow stems forces 
the phloem sap up the stylet food canals of feeding aphids and also causes the 
sieve-tube sap to exude ‘abundantly from the cut ends of embedded stylet 
bundles. Hence, the best approach to the study of the nutrition of the pea 
aphid might be to use the natural turgor pressure of the host plant and increase 
the nutritional value of the plant sap available to the feeding insects by inducing 
the plants to absorb organic nutritional solutes. This is a report on feeding the 
pea aphid, Acyrthosiphon pisum (Harr.) on plant cuttings in dilute aqueous 
solutions of amino acids, amides, peptone, and B vitamins. Plant cuttings in pure 
water were used as controls. 


Materials and Methods 


Feeding Apparatus.—The feeding apparatus (Figs. 1, 2) was composed of four 
parts as follows: A, a glass rearing and feeding chamber, 18 mm. wide and 50 


c Sontribution No. 3915, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
anada, 
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Figs. 1, 2. Apparatus for feeding aphids on plant cuttings; 1, Component parts: A, feed- 
ing chamber; B, container for plant nutrient; C, rubber joint; D, cotton plug. 2, Apparatus 
with plant cutting ready for use. 


mm. long; B, a glass container for plant nutrients, 18 mm. wide and 80 mm. long; 
C, a rubber joint made of two No. 1 perforated rubber stoppers shortened to 
half their length and cemented back to back; D, a cotton plug for closing the 
upper part of the feeding chamber. Fig. 2 illustrates the apparatus ready for 
use to be set on a wooden rack provided for each series of units in each ex- 
periment. 

Plant Cuttings.—The plant cuttings were taken from the tall-stemmed aphid- 
resistant varieties Melting Sugar and Laurier and consisted of the third inter- 
node of the stem, and part of the fourth, with the stipules and paired leaflets 
of the third node; those of the fourth node were removed. The internodes 
were counted from the terminal bud downward. With short-stemmed varieties 
of peas, several internodes from the third down would be required in order to 
have a suitable length of plant cutting, or six inches for each unit. 

Aphids.—The aphids were adult wingless viviparous females in parturition. 
The stock, reared continuously on the aphid-susceptible variety Perfection in the 
greenhouse, was of a pure line from a single wingless viviparous female. 

Assembling.—The plant cuttings were taken from a uniform weekly supply 
of approximately 60 greenhouse plants with eight to ten internodes. The cut- 
tings were dipped in a dilute aqueous solution of .03 per cent potassium per- 
manganate for 15 minutes to prevent molds and bacteria from developing in the 
nutritional liquid. In assembling a unit, the lower end of a single cutting was 
introduced into the feeding chamber (A) Fig. 2, through the perforated rubber 
joint (C) with the stipules resting one inch above the mouth of the chamber (A). 
The cutting was firmly held in place by a small cotton plug pressed into the 
perforated center of the rubber joint. After sterilization by a gas flame, the 
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container for the plant nutrient was partly filled with the nutritional liquid, or 
pure water, and fitted to the lower half of the rubber joint. Twenty-four hours 
after the units were assembled, the paired leaflets with the petiole were remov- 
ed to reduce plant transpiration. Immediately after the assembling, two females 
were placed in the feeding chamber. They were allowed to remain on the host 
and produce nymphs for 16 hours; they were then removed, leaving only the 
new-born nymphs to feed and grow for six days. After the first three days, the 
nymphs were transferred to new plant cuttings for the remaining three days in 
order to prevent ill effects of the treatment on the cuttings. The nutritional 
liquid was changed every 24 hours throughout the experiment. 


Two series of six units containing 12-15 aphids each, one series for the treat- 
ment and the other for the control, were placed in a plant growth cabinet at 
70°F. and 45 per cent relative humidity. A light intensity of 1,000 foot candles 
for 18 hours daily was used. On the sixth day, the aphids of each unit that had 
reached the fourth instar were weighed and their gain or loss in weight was 
determined. 


Nutritional Formulae.—Five nutritional formulae were used. 


Formula I was composed of an aqueous solution of L-amino acids based on 
the quantities found in plant juice extract of the variety Perfection at the first- 
blossom stage as determined by Auclair, Maltais, and Cartier (1957, Table II, Ist 
column). The pH was adjusted to 6.5 with a phosphate buffer solution 
(Sumner and Somers, 1944). 


Formula Il was composed of aqueous solutions of amino acids, amides, 
Bacto-Peptone, (Difco Laboratories, Detroit, Michigan, U.S.A.), and B vitamins 
adjusted to a pH of 6.5. The amino acid fraction was made of ten L-amino acids 
known to be essential to insects, i.e., arginine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, threonine, tryptophan, and valine (Auclair, Maltais, 
and Cartier, 1957). The amide fraction was made of L-asparagine and 1-gluta- 
mine. Each of the above compounds was used at 5 mg./100 ml. The Bacto- 
Peptone fraction was in the proportions of 100 mg./100 ml. The B vitamin 
fraction was based on House’s (1949) formula at 10 ml./100 ml. of the nutritional 
solution. 


Formula III was based on a chromatographic analysis of pea aphid blood 
(Auclair (unpublished), Science Service Laboratory, St. Jean, Que.) which is 
very rich in asparagine and glutamine. It , was composed of L-asparagine, 20 
mg./100 ml.; L-glutamine, 30 mg./100 ml.; L- cystine, 5 mg./100 ml.; L-tyrosine, 
5 mg./100 ml.; Bacto-Peptone, 100 mg./100 ml.; and B vitamin solution (House, 
1949) at 10 ml./100 ml. The mixture was adjusted to a pH of 6.5 


Formula IV was similar to formula III with the exclusion of cystine, tyrosine, 
and the B vitamin fraction. 


Formula V was exclusively composed of the two amides L-asparagine at 20 
mg./100 ml. and 1-glutamine at 30 mg./100 ml., adjusted to a pH of 6.5. 


Plant Juice Extract.—Plant juice for chromatographic analysis of free amino 
acids was extracted from treated and untreated cuttings. Two cuttings of each 
group were placed during two minutes in a closed Pétri dish containing approx- 
imately two ml. chloroform. The cuttings were transferred to an open Pétri dish 
and the clear juice exuding from the lower ends of stem sections was collected 
with calibrated micropipettes. A light pressure with the fingers on the stem 
sections speeded the exudation of the sap. Varying amounts of juice extract 
collected with micropipettes were deposited on filter paper for chromatographic 
analysis. 
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TABLE I 
Average gain in weight of pea-aphid nymphs reared on cuttings of two pea varieties 
treated with organic constituents 





























Average weight mg. 
Nutritional | Pea variety Gain, % 
formula* | } | 
| On treated On cuttings 
cuttings fed water 
I | Melting Sugar | 1.42 1.39 2.1 
II | Laurier | 1.27 1.08 15.0" 
Melting Sugar 1.46 1.18 9.3" 
Ill | Melting Sugar 1.48 1.19 19.6** 
IV | Laurier 1.74 1.41 19.0% 
V | Laurier 1.71 1.43 16.4** 
 *See text. 


**Level of significance, 1 per cent. 


Results and Discussion 


In each experiment, all aphids required six days to develop to the end of 
the fourth instar. Plant transpiration was higher in the controls than in the 
treated series, as shown by the amounts of liquid used. On each of the treated 
series except for Formula I, amino acids alone, the aphids were much heavier 
on the average than those on the controls (Table I). 


The resuks indicated that some nutritional constituents supplied to the 
cuttings enhanced the growth of the aphids feeding on the latter. Chromato- 
graphic analysis of the sap of the treated cuttings showed that the nutritional 
substances were readily taken up by the cuttings and provided additional food 
for aphid growth. The amino acids aspartic acid and glutamic acid, together 
with the amides asparagine and glutamine fed to cuttings during six days were 
recovered unchanged from plant juice extract by chromatography. Amino 
acids (Formula I) did not alone cause any appreciable increase in body weight. 
The amides asparagine and glutamine (Formula V) gave as good results as any 
of the other formulae containing amino acids, Bacto-Peptone, and B vitamins. 
The amides occur in large quantities in the blood of the pea aphid as compared 
with other nitrogenous compounds. Evidently, quantities of asparagine and gluta- 
mine taken up the plant cuttings and subsequently taken by the insects favoured 
considerably the growth of the latter. The technique permits further explora- 
tion of the nutrition of these insects until a more direct method of artificial 
feeding is developed. 
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Swammerdamia caesiella Hbn. (Lepidoptera : Yponomeutidae), a 
New Pest of Japanese Plum in the Niagara Peninsula, Ontario’ 


By Tuomas ARMSTRONG? 
Entomology Laboratory, Vineland Station, Ontario 


In May, 1956, large numbers of small caterpillars were found on Japanese 
plum trees in an orchard near Queenston in the Niagara Peninsula, Ontario. 
The owner stated that he first noticed them in 1955 when they got on his clothes 
while he was cultivating the orchard. In June, 1956, the caterpillars were also 
found on ornamental plum, Prunus cerasifera Ehrh. var. pissardii Koehne, in 
nurseries at Niagara-on-the-Lake and Fonthill by nursery inspectors. 

Dr. T. N. Freeman of the Entomology Division, Ottawa, identified it as the 
yponomeutid Swammerdamia caesiella Hbn., a European species not previously 
recorded from North America. Kloet and Hincks (1954, p. 138) give this species 
in their check list of British insects. Presumably it is not of economic importance 
in its native habitat as no references to it were found in economic literature. 

It is suggested that the insect be referred to tentatively by the common 
name Japanese-plum webber. 

In a survey of 31 Japanese plum orchards in the Niagara Peninsula in 1957, 
17 orchards were found lightly infested and seven heavily infested. The species 
was confined to the eastern end of the fruit belt, from Vineland to Queenston 
and Niagara-on-the-Lake. The heaviest infestations were near Jordan, Jordan 
Station, Port Dalhousie, Niagara-on-the-Lake, and Queenston. 

This is a report on the life-history and habits of S. caesiella as found in a 
screened insectary at Vineland Station and, in orchards in the vicinity in 1957, 
and on some preliminary experiments on control. 


Description 

Adult.—The moth varies in length from 4.5 to 5.7 mm., averaging 5.3 mm., 
the males usually being slightly smaller than the females. At rest the wings 
are folded closely over the abdomen with the tips meeting vertically. The 
general color is a light silvery bronze-gray; the head bears white, bristly scales. 
The fore wing is somewhat darkest at base and apex and bears two darker spots 
along the inner margin. 

Egg.—The broadly oval, lenticular egg measures 0.33 by 0.19 mm. When 
freshly laid it is somewhat transparent and iridescent, becoming Opaque with age. 
The chorion is finely reticulated. 

Larva.—There are five larval instars. The newly hatched larva averages 
0.6 mm. long, and the head capsule 0.09 mm. wide. The larva is straw-colored, 
changing to light brown after feeding. 


c Soeteietinn No. 3919, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
Sanada. 
2Associate Entomologist; retired May 31, 1958. 
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In the second instar, the body is creamy tan to light brown, with a central 
narrow brown stripe and two whitish bands along the dorsum and another 
whitish stripe along each side. The thoracic legs are of a paler brown than the 
body. 

The later instars have a similar color pattern but the brown stripes become 
increasingly darker. The head is somewhat lighter and the thoracic legs darker 
brown than the body. Measurements are: second instar, average length 1.9 mm., 
average width of head capsule 0.13 mm.; third instar, length 2.6 mm., head cap- 
sule 0.19 mm.; fourth instar, length 4.9 mm., head capsule 0.29 mm.,; fifth instar 
(mature), 8.1 mm., head capsule 0.47 mm. 

Pupa.—The average length of the pupa is 5.1 mm. and the width 1.4 mm. It 
varies from cream to golden tan with darker wing-pads, and gradually darkens 
with age. 

Host Plants 

Larvae of S. caesiella were observed feeding on all locally grown varieties 
of Japanese plum, Prunus salicina (Lindl.) and its hybrids, and on myrobalan 
plum, P. cerasifera Ehrh., commonly used as a root- -stock, and its ornamental 
purple-leaved variety pissardii Koehne. None were found on varieties of Euro- 
pean plum, P. domestica L., even when adjacent Japanese plums were heavily in- 
fested. 

According to Meyrick (1925, pp. 735-737), S. caesiella is common on black- 
thorn, P. spinosa L., in England. 


Habits and Life-History 


Adult.—During the brightest part of the day the moths rested quietly on the 
trunks and main branches of the trees with their heads pressed against the bark 
and the wing tips somewhat elevated. Flight commenced in the late afternoon, 
coming to a peak at or a little after sunset. On very dull, sunless days the moths 
were often seen close to the ground under the trees or among the lower branches. 
It is not known whether the moths were active throughout the night, but by 
7 a.m. they were at rest. 

Of 825 moths reared in vials in the insectary throughout the season, 57.5 per 
cent were females. Caged moths were seen in copula at 7 p.m., and more com- 
monly from 8 to 10 p.m., but not between 7 a.m. and 6 p.m. in either the orchard 
or the insectary. In cages, at an average daily temperature of 70° F., males lived 
for an average of 12.8 days and females for 12 days. At an average temperature 
of 73° F. males and females lived for average periods of 8.2 and 7.7 days res- 
pectively. 

OvipositionThe eggs were usually deposited singly along the mid and 
side veins of the undersides of the leaves, but occasionally two to five were laid 
close together, often slightly overlapping. 

Twenty-nine females, caged separately in the greenhouse, laid an average of 
124 eggs each, with a minimum of two and a maximum of 248. 

The rate of egg-laying during the life of the females were determined b 
placing not more than 10 newly emerged females and an equal number of males 
in each of six cages. At an average daily temperature of 74° F., 46 females laid 
2,696 eggs, of which 30 per cent were laid during the first two days, 44 per cent 
on the third day, and 26 per cent during the remaining four days of their lives. 
The average egg-laying period was seven days; in one cage eggs were laid for 
10 days. 

The time of day when eggs were laid was determined in the insectary from 
June 12 to 15 by placing fresh foliage at various intervals during the day in a 
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cage containing at least 250 moths. Of 3,860 eggs, 1.6 per cent were laid 
between 7 a.m. and 4 p.m., 3.8 per cent between 4 p.m. and 6 p.m., 26.6 per cent 
between 6 p.m. and 8 p.m., 62.5 per cent between 8 p.m. and 10 p.m., and 4.5 
per cent between 10 p.m. and 6 a.m. Sunset occurred at approximately 8 p.m. 

Larva.—The hatching larva bores directly through the chorion of the egg 
into the mesophyll of the leaf, where it feeds as a leaf miner during the first 
instar. After the first moult the larva leaves the mine and becomes a surface 
feeder, usually skeletonizing the leaf and leaving the upper epidermis intact 
although the entire lamina of young, expanding leaves may be eaten. Over- 
wintered larvae web together the blossom clusters and expanding leaves, feeding 
upon them and to some extent on the newly set fruits. In heavy infestations 
these webs may be communal ones containing several larvae, although the latter 
are not truly social as are those of the related genus Yponomeuta. 

Larvae of later generations, when the leaves are fully expanded, feed on the 
undersides of single leaves beneath a web, usually along the midveins, or often 
between two overlapping leaves tied together. 

On mature trees the larvae were concentrated on the lower parts, especially 
on suckers from the larger branches or. bases of the trunks. In a number of leaf 
samples taken from different orchards during the summer, the numbers of various 
stages of the’ insect were usually at least three times as great on the lower 
branches as on the upper ones. 

Life-History.—The winter is passed as second-instar larvae in hibernacula on 
the trees. There are two complete and an additional partial generation during 
the year. 

‘The hibernacula are spun mostly on year-old and older twigs and branches 
and on the trunks; in severe infestations small numbers may be on twigs, especially 
sucker growth, of the current year. They are spun in any small crevice in the 
bark, in wounds, old leaf scars, and leaf axils, and among clusters of buds. The 
hibernaculum is composed entirely of white silk, the external wall being thicker 
than that next the bark. The shape and size vary with the site, but the latter 
averages about 0.8 by 2.1 mm. Despite their small size the shining white 
hibernacula are very conspicuous on the dark bark. 

Pupation takes place in a lightly constructed, fusiform cocoon of white silk, 
which may be spun under the feeding webs of the larva or in new sites, often in 
scars or other crevices on the trunks and larger branches. 

In 1957, overwintered larvae commenced to leave their hibernacula on April 
22, when the leaves were } to 4 inch long and the blossom buds were swollen 
but the petals were not visible. Four days later 82 per cent of the larvae were 
feeding, and some continued to do so until early June, when the calyces were 
splitting from the fruits. The larval feeding period of the spring, or over- 
wintered, generation was not accurately determined, but collections made three 
times each week in three orchards indicated the minimum to be 17 days, the 
maximum 38, and the average 27. 

Pupation of the overwintered larvae commenced in the orchards on May 9. 
By June | over 75 per cent were in the ae stage and the first moths were 
emerging. In the insectary, the pupal period of 215 individuals held in vials at 


an average daily temperature of 58.5° F. varied from 11 to 24 days with an 
average of 16. 
The first moth of the overwintered generation emerged on May 31; 50 per 
cent had emerged by June 11, and the last of 215 moths emerged on June 24. 
First-generation eggs were laid from June 4 to June 27. The average in- 
cubation period was 10 days. Larvae were first observed in leaf mines on June 
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12, and the last mature larvae were collected on August 2. Larvae of this 
generation were most abundant from June 17 to July 15. Pupation occurred 
from July 6 to August 6, the peak occurring during the week of July 10. The 
pupal period ranged from eight to 13 days, with an average of 10.2 days for 289 
insectary-reared pupae at a mean daily temperature of 71.1° F. The first of 
930 moths emerged on July 16; 50 per cent had emerged by July 25 and the last 
on August 17. 

The first eggs of the second generation were laid on July 18 and the last on 
August 26 by orchard-collected moths held in the insectary. The average in- 
cubation period was 11.1 days. Newly hatched larvae were first seen on July 
26 and were present until September. Approximately 65 per cent of the larvae 
of this generation went into hibernation on reaching the second instar, from 
August 12 to September 16. Those second-generation larvae completing their 
development during the season pupated from August 25 to September 12. The 
pupal period ranged from eight to 18 days with an a of 11.7 days for 231 
pupae at a mean daily temperature of 63.3° F. The first moths emerged on 
September 2, 50 per cent had emerged by September 12, and the last emerged 
on September 22. No living moths were seen in the orchards after October 1. 

Third-generation eggs were laid from September 3 to October 1, most of 
them between September 12 and 23. No eggs were seen in the orchards after 
October 9 at Port Dalhousie or after October 16 at Jordan. The incubation 
period averaged 17.6 days. 

First-instar larvae of this generation were present in the leaves from 
September 15 until at least November 14, being most abundant from September 
23 to October 5. All that reached the second instar went into hibernation. 


Mortality Factors 

Collections made in the early spring of 1957 from three orchards showed 
mortalities of hibernating larvae from 20 to 42 per cent, with an average of 34 
per cent for a total of 232 larvae. The minimum winter temperature at Vine- 
land Station was — 5.5° F. 

Parasites were extremely scarce. From 826 mature larvae and pupae collect- 
ed during the summer, only seven parasites were taken: one specimen of Horo- 
genes obliteratus (Cresson), four of Hemiteles sp., one of Microtyphus sp., and 
one of an undetermined species belonging to the Pteromalini. These parasites 
were determined by Mr. C. D. F. Miller, Dr. W. R. M. Mason, and Dr. O. Peck 
of the Entomology Division, Ottawa. 

Numbers of moths were caught in spider webs, especially on the trunks and 
larger limbs. On August 8, when 90 per cent of the first-generation moths had 
emerged, 76 dead ones were collected from spider webs on the lower five feet 
of five trees in a heavily infested orchard. 


Economic Importance 

The potentialities of S. caesiella as a pest in Canada cannot be completely 
assessed as yet, but losses even in the most heavily infested orchards observed in 
1957 were negligible. The masses of webbed blossom clusters and leaves adher- 
ing to the lower and inner branches in the spring and, after these have fallen, the 
somewhat bare appearance of these parts of the trees may be alarming, but as 
only a small fraction of the profuse bloom of Japanese plum ever sets fruits 
that reach maturity, the injury to the blossoms is not serious. Most of the few 
injured fruits soon drop. Also, the concentration of the larvae near the trunk 
and larger limbs, away from the main fruit-bearing parts of the tree, further 
reduces the damage. Injury to the foliage is not important. 
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Fig. 1. Life-history of Swammerdamia caesiella in the Niagara Peninsula, Ont. 
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Chemical Control 
As suggested in Fig. 1, there are four periods during the season when in- 
secticides would be most effective. These are the dormant period before bud- 
burst in the spring, when the larvae are still in the hibernacula, and from April 
25 to May 9, June 15 to 30, and August 10 to 25, when most of the insects are 
in the free-living larval stages. 


Preliminary tests of dormant sprays against hibernating larvae were carried 
out by bringing cut branches bearing hibernacula into the greenhouse, spraying 
them with a paint sprayer, and holding them at 40 to 60° F. in jars of water 
until they were examined 20 to 28 days later. The results were corrected for 
natural mortality in the checks by means of Abbott’s (1925) formula. 

A paste containing 19 per cent 4,6-dinitro-o-cresol as the sodium salt (Elgetol, 
Standard Agricultural Chemicals, Inc., Hoboken, N.J.) gave 100 per cent control 
at two qt. per 100 gal., 88 per cent at one qt., and 66 per cent at one pint. A 
wettable powder containing 40 per cent 4-6-dinitro-o-cresol (DNOC Spray 
Powder, Niagara Brand Chemicals, Burlington, Ont.) gave 100 per cent control 
at two lb., 89 per cent at one lb., and 55 per cent at one-half Ib. A paste con- 
taining eight oz. of dinitro-o-sec. butylphenol as the triethanolamine salt per qt. 
(DN-289, Dow Chemical Company, Midland, Mich.) gave 100 per cent control 
at 1.5 qt. Fifteen per cent parathion (O,O-diethyl O-p-nitrophenyl phosphoro- 
thioate) wettable powder (N. M. Bartlett Manufacturing Co. Ltd., Beamsville, 
Ont.) gave 100 per cent control at one lb. Twenty-five per cent malathion 
(S-(1:2-dicarbethoxyethyl)-O,O-dimethyl phosphorodithioate) wettable powder 
(American Cyanamid Com any, New York, N.Y.) gave 91 per cent control at 
two Ib. and 93 per cent at four |b. 

Dormant oil (Enarco Spray Paraffin Oil, Canadian Oil Company, Ltd., Tor- 
onto, Ont.; viscosity Saybolt 170 sec.; gravity A.P.I. 25.2) emulsified with blood 
albumen gave respectively 38, 74, and 94 per cent control as two, three, and 
four per cent emulsions. 

A spray of two lb. of 40 per cent dinitrocresol wettable powder per 100 
gal. applied to a heavily infested orchard on March 28 gave a mortality of 97 
per cent. The insect remained relatively scarce during most of the summer but 
hibernacula were numerous by October. 
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A spray of 1.5 lb. of ae cent parathion wettable powder per 100 gal. 
applied to part of one orchard and to all of another on April 24, when 24 per 
cent of the larvae had left their hibernacula, gave 100 per cent mortality, and 
where the entire orchard was sprayed the trees remained a of the pest through- 
out the season. 

Two sprays of parathion applied at the shuck-split stage and 10 days later, 
as against the plum curculio, Conotrachelus nenuphar (Hbst.), did not give 
satisfactory control, because many pupae were present at that time and survived 
the sprays. 

Summary 

The European lepidopteran Swammerdamia caesiella Hbn. has become 
established in Japanese plum orchards in the eastern half of the Niagara fruit belt 
in Ontario, All stages are described. It is largely a foliage feeder and, so far 
at least, its injury has been of little economic importance. Second-instar larvae 
that have overwintered in hibernacula on the trees emerge to feed on foliage 
and in blossom clusters in late April and May. Three generations occur during 
the year. About 65 per cent of the larvae of the second generation and all of 
the third generation overwintered in 1957. 

Moths lived eight to 13 days, and females laid up to 248 eggs singly on the 
underside of the foliage. Eggs hatched in eight to 31 days. Hatching larvae 
bore directly into the leaves and feed as leaf miners during the first instar. After 
the first moult they leave the mines and skeletonize the leaves from the lower 
surfaces. The larval period of the summer generations varied from 17 to 38 
days and the pupal period from eight to 24 days. Pupation occurs in cocoons 
on the leaves and bark. The pupal period ranged from eight to 24 days. 


Parasitism was very light. Good control of the insect was obtained with 
dinitrocresol applied w hen the trees were dormant, and with parathion applied 
soon after the overwintered larvae were starting ‘to feed in the spring. 
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Anopheles and the Problem of Malaria in Canada 
By Fercus J. O'Rourke’ 


Malaria, a protozoan disease caused by infection with various species of 
Plasmodium, is transmitted solely by mosquitoes in nature. The transmission of 
human malaria depends entirely on certain species of Anopheles. The occur- 
rence of a number of cases of Korean vivax malaria* in Canada gave ris: to some 
speculation as to the possibility of the disease becoming re-established in the 
country (Neufeld 1952, O’Rourke 1953, 1955). 

Malaria can occur in an area only when four conditions are fulfilled: (a) a 
reservoir of infection exists; (b) suitable vector anopheline mosquitoes occur; 
(c) adequate contact is maintained between the reservoir and the vector; and 
(d) environmental conditions are suitable for development of the Plasmodium 
in the vector. 

In Canada there is now no indigenous reservoir of infection. Hence, all 
cases of malaria must arise from an outside source: the patient acquires the dis- 
ease abroad, or from a mosquito that has fed on someone who is suffering from 
malaria contracted abroad and whose blood is infective to the local anophelines. 
At present, the main concern is that veterans returning from service abroad might 
act as a reservoir of infection. 


Brief History of Malaria in Canada 

Although anophelines bred frequently, such evidence as we have suggests 
that in pre-Columbian days, malaria did not occur in North America (Faust 
1949). Fisk (1931), who reviewed the history of malaria in Canada, reported 
that, although the disease had formerly been common, a survey made by pro- 
vincial health departments in 1930 had failed to reveal any indigenous cases. 

In 1884 Laveran discovered the malarial parasite in the blood of patients 
and in 1886 Councilman and Abbott confirmed his observations. Before this, 
malaria was diagnosed on the clinical picture and on the response to quinine 
therapy alone. In many cases it is difficult to be certain that the disease des- 
cribed by earlier workers was in fact malaria. Many of the records from Can- 
ada suggest that both falciparum and vivax malaria were at one time endemic. 

The Jesuit “Relations” noted the occurrence of malaria along the whole of 
the St. Lawrence River and its tributaries. Fisk (loc. cit.) quoted the account 
given by John MacTaggart of the malaria encountered in Cranberry Marsh dur- 
ing the building of the Rideau Canal in 1828. By the middle of the nineteenth 
century, the disease had become endemic in parts of the Western Provinces and 
earlier still it was highly endemic along the shore of Lake Ontario from Kingston 
to Hamilton and along the northern shore of Lake Erie and in the Lake St. Clair 
district. Osler in 1912 said that in the region of the Great Lakes malaria occur- 
red only in the Lake Erie and Lake St. Clair areas. He also noted that the St. 
Lawrence basin remained free of the disease. Hirsch (1883) recorded oc- 
casional outbreaks at Montreal, Quebec City, Halifax, and Miquelon (near New- 
foundland). 

By 1892 there was a marked reduction in the incidence of infection in Can- 
ada and the disease was limited to settlements at the western end of Lake Ontario 
and on the northern shores of Lake Erie, where the vector was almost certainly 
Anopheles quadrimaculatus Say. Faust (1949), however, believed that at the time 
of maximum distribution of the disease in Canada, A. earlei Vargas must also 
have been a vector. 


1Formerly Medical Entomologist, Science Service, Ottawa; now Professor of Zoology, University 
College, Cork, Ireland. 
2i.e. cases cf malaria caused by Korean strains of Plasmodium vivax Grassi and Feletti. 
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Endemic malaria in Canada reached its peak about 1855 (Hackett 1949), and 
after that date the disease steadily receded southwards in North America, prob- 
ably because of agricultural and public-health developments that reduced the 
extent of anopheline breeding areas and the contact between man and the vector. 
Malaria transmission ceases in any area before the vector is eradicated, and in the 
northern United States and Canada, the critical level was reached without 
deliberate antilarval measures (Barber et al. 1936). Hackett (1949) pointed out 
that the disappearance of malaria in an area is associated with the economic and 
cultural development of the community and as a result the disappearance tends 
to be permanent. The introduction of malaria carriers into such an area usually 
causes only transitory epidemics and then conditions rapidly return to normal. 
In the United States, the Communicable Disease Center, U.S. Public Health 
Service, began their very successful program for eradicating malaria on July 1, 
1947. Three years later the last malaria epidemic of any size in the United States 
occurred at Manning, South Carolina (Bradley & Lyman 1951). 

In recent years, the occurrence of a number of cases of Korean vivax malaria 
in Canada has given rise to speculation as to the possibility of the disease becom- 
ing endemic once again (O’Rourke 1955). 


The Canadian Species of Anopheles 


Little is known of the vector potentials of anophelines in Canada since 
malaria has so rarely occurred here in the last few decades. Knowledge of the 
various species as malaria vectors is largely based on information collected in the 
United States, where, until recently, malaria has been endemic in many areas. 
Since anopheline species may show wide differences in biology in different parts 
of their ranges, it is important to remember that information about the behaviour 
of anophelines in Canada is limited. It appears likely that the habits of each 
species closely resemble those described for the species in the United States. 

A. quadrimaculatus Say (in the eastern and southern states) and A. freeborni 
Aitken (west of the Rockies) are the two most important vectors in the United 
States. On the basis of their biology, infectibility both in the laboratory and in 
nature, and their epidemiological correlation with the distribution of human 
malaria, these two species accounted for most cases of malaria in the United 
States. Of the four other species of Anopheles found in Canada (A. walkeri 
Theobald, A. punctipennis Say, A. occidentalis Dyar and Knab, and A. earlei 
Vargas), only one species, A. walkeri, has been found infected in nature (in the 
United States), although the other species are readily infected in the laboratory. 


Anopheles quadrimaculatus Say 

This species is the best known and most important malaria vector in the 
Nearctic region. It is a member of the maculipennis complex, other members cf 
which are responsible for malaria transmission in the Palaearctic region. The 
house-haunting habits, fondness for human blood, and catholic choice of breed- 
ing sites make this species an efficient vector of malaria. The female bites during 
the evening and night and about dawn, but in dark and sheltered places, such as 
barns, it may bite by day. 

In Canada, the species occurs widely in southern Ontario from the Ottawa 
Valley south to Lake Erie and also along the southern fringe of Quebec (Twinn 
1945). 

A. quadrimaculatus is cultured in many laboratories, all stocks apparently 
being derived from the colony established by Boyd (1930). This mosquito is 
readily infected by exotic strains of malaria (Watson 1945, Young et al. 1946), 
including Korean vivax (Young and Burgess 1952), to which it is apparently 
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highly susceptible. Of 53 poe with Korean vivax, 35 infected batches of 
mosquitoes, and in favourable cases all the mosquitoes in each batch became in- 
fected; transmission of the Korean strain of benign tertian to susceptible in- 
dividuals by the bite of A. quadrimaculatus was achieved and Young and Burgess 
(1952) concluded that “the potential for the establishment of foreign malarias is 
present”. Quadrimaculatus has been infected experimentally with P. vivax, P. 
falciparum, and P. malariae and salivary gland infections have been frequently 
reported in wild caught specimens (Carpenter and La Casse 1955). 

A. quadrimaculatus is frequently found in houses and other man-made 
shelters. Overwintering adults not uncommonly occur in basements and out- 
houses. This mosquito is partial to human blood, but cattle are probably more 
attractive to it than is man, so that when the former are numerous in an area, the 
mosquitoes are deviated from the human host. In most areas, human blood 
meals are found in rather less than one in 20 specimens (Twinn 1945). 

Breeding occurs not only in ponds, which the species prefers, but also in 
swamps and the margins of rivers when they are exposed to sunshine and have 
emergent vegetation. Occasionally polluted water and tin cans may harbour the 
larvae. As many as 200 eggs may be laid in a batch and each female may deposit 
about ten batches during a lifetime. Bradley and Fritz (1945) showed that, in the 
50-55°F. annual isothermal zone, breeding occurs only from late May to the 
middle of October. The average life cycle (egg to adult) takes about three 
weeks at 74°F. (Bradley and Fritz loc. cit.). 

The flight range of the species is about one mile, although occasional speci- 
mens may be found farther from the breeding area (Freeborn 1949). 


Anopheles freeborni Aitken 

This species was the main vector of malaria in the arid and semi-arid western 
United States (Carpenter and La Casse 1955). In Canada it has been found in 
southern British Columbia at three localities (Twinn 1945). 

A. freeborni closely resembles A. quadrimaculatus, from which it can usu- 
ally be separated by the presence of a median stripe on the mesonotum absent 
in the latter species. The two species have been hybridized in the laboratory 
(Burgess 1948). A. freeborni readily invades houses and is said to do so by pre- 
ference. It is a ready biter and takes its blood meals during the twilight" hours 
and during the night. It is said to occasionally attack man during daylight on 
cloudy days or in dense shade (Carpenter and La Casse 1955). 

Breeding generally takes place in permanent or semi-permanent waters which 
have some emergent vegetation and are exposed to sunlight. A moderate degree 
of salinity (about five p.p. -m.) may be tolerated by the larvae. In desert pools, 
an even higher concentration may be tolerated (Freeborn 1949). Hardman 

(1947) cultured this species in the laboratory for seven months. He found that 
wild-caught females could produce twice as many eggs in a lifetime as laboratory- 
reared females, which produced 750. A. freeborni was more susceptible to in- 
fection with P. vivax (St. Elizabeth strain) than A. quadrimaculatus (Burgess 
and Young 1950). Young et al. (1945) showed that relapsing patients with 
strains of P. vivax contracted outside the United States can readily infect A. 
freeborni, which can transmit the infection to susceptible hosts. 

Although normal flight range of A. freeborni is rather less than a mile, dur- 
ing the fall the mated females disperse long distances and may travel 10 or 12 
miles to find suitable hibernation sites. If the temperature rises during the win- 
ter, the females may emerge from hibernation and take a series of small blood 
meals even in intensive sunlight (Carpenter and La Casse 1955). In heated 
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houses this type of interrupted feeding enables the species to transmit malaria to 
a number of people. It will be recalled that if an infected mosquito merely 
penetrates the skin, it may still pass on the infection (Freeborn 1949). 


Anopheles occidentalis Dyar and Knab 
This species is restricted to the region west of the Rockies but until recent- 
ly was confused with A. earlei, which occurs east of the Rockies. In Canada, it 
is commonly found in British Columbia and the Yukon, and it has been taken as 
far north as the 69th parallel (Pratt 1952). It does not invade houses and plays 
no part in malaria transmission (Matheson 1950). Breeding occurs in much the 
same type of habitat as that of the two species already discussed, but it tolerates 
more shade in its larval habitats than does A. freeborni (Carpenter and La Casse 
1955). The adults hibernate and do not wander far from the breeding sites. 
The species rarely feeds on man. Although it is not known to transmit malaria 
in nature, Moore et al. (1945) were able td infect it with P. vivax. 


Anopheles earlei Vargas 

This species was described by Vargas (1943, 1944); Vargas and Matheson 
(1948) showed that it has distinctive morphological characters in the larval, 
pupal, and adult stages. Rozeboom (1952) reported that the egg differs from 
that of A. occidentalis in having two dark transverse bars on the dorsal surface, 
therein closely resembling that of A. maculipennis Meigen (typical form) of 
Europe. 

A. earlei has been recorded in the past as A. occidentalis. All specimens 
labelled occidentalis in the Canadian National Collection of Insects were examin- 
ed by Prof. R. Matheson, of Cornell University, who identified all those from 
areas east of the Rockies as A. earlei. Twinn (1945) regarded this species (as 
A. occidentalis) as the most widely distributed anopheline in Canada and Haufe 
(1952) recorded it from Goose ‘Bay, Labrador. Its range extends from the 
Atlantic coast to the Rockies and includes British Columbia (Curtis 1953). This 
species is not known to play any role in malaria transmission, although readily 
infected in the laboratory. Rozeboom (1952) reported rearing it in the labora- 
tory and found that the females bite man both in the field and in the laboratory. 
In Saskatchewan Rempel (1950) noted that it is a fierce biter, but of little im- 
portance because of its small numbers. In Winnipeg (McLeod and McLintock 
1947), the larvae occur commonly in well-shaded lily ponds in private gardens 
and may also occur in permanent prairie sloughs, roadside ditches, marshes, and 
sheltered stagnant pools in creeks. Matheson (1950) stated that it bites readily 
during the day but attacks most vigorously at twilight. A. earlei hibernates in 
caves, basements, and outhouses. The species occurs outside the regions that 
were, until recently, the known endemic areas of malaria in North America and 
it is not known if it can transmit Plasmodium in nature. Faust (1949), as we 
have already mentioned, believed that at the time of maximum distribution of the 
disease in Canada it must have been a vector. 


Anopheles punctipennis Say 

This anopheline is more common than A. earlei in many parts of its range. 
It has been recorded from Nova Scotia, New Brunswick, Quebec, Ontario, 
Manitoba, and British Columbia (Twinn 1945). It breeds in rain-water barrels, 
pools in woodland, margins of streams and lakes, open pools, grassy bogs, and 
springs. It apparently prefers, cooler, clearer water than quadrimaculatus and 
often occurs in hill streams. The females feed mostly after dusk but will attack 
man during the day in dense woodland or in daylight resting places. It rarely 
enters houses, except to hibernate and during winter months when it may bite 
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man. Although readily infected with Plasmodium, it is not believed to be of any 
importance as a natural vector (Carpenter and La Casse 1955). 


Anopheles walkeri Theobald 


A. walkeri has been recorded from Nova Scotia, New Brunswick, Quebec, 
Ontario, Manitoba, and Vancouver Island, B.C. (Twinn 1945). It was recently 
found as far north as Moose Factory, James Bay, Ont. It is often rare where 
found. It is known to be a fierce biter and under experimental conditions can 
transmit malaria. It has also been found infected in the field and may be a 
natural vector. Bang et al. (1940) in the United States found a single wild- 
caught female with gland and oocyst infection. The adults enter houses to bite 
and it has been taken biting man by day (Carpenter and La Casse 1955). Its 
breeding habits are similar to those of the other anophelines described above. 
Adults frequently rest by day in the vegetation near the breeding areas. It is 
the only anopheline known to overwihter in the egg stage in the northern part 
of its range (Matheson 1950). 


Vector Potential of Canadian Species 


None of the potential vector species in Canada appears to be able to harbour 
plasmodia over the winter. Nevertheless, it is possible that mosquitoes resting 
during the winter in warm houses might pick up an infection from a gametocy te 

carrier. The relatively high temperatures maintained within houses would facili- 
tate the development ‘of sporozoites. Thus, one or more of the members of a 
household could be infected from a single carrier by one mosquito. 

Of the five species of anophelines recorded i in Canada, only two were known 
to be important vectors of malaria in the United States. One of these, A. 
freeborni, is rare; the other, A. quadrimaculatus, is widespread in the areas in 
which it occurs. It is still unknown whether A. quadrimaculatus in Canada is 
susceptible to infection by the Korean and other exotic strains of P. vivax, and it 
would be of value to determine this experimentally. 


Contact between Reservoir and Vector 


The extent to which A. quadrimaculatus feeds upon man in Canada is un- 
known. This information is important in estimating the possibility of malaria 
being re-introduced. 

In areas where the ratio of animals to man is high, malarial vectors are often 
deviated from the human to the animal host. In certain areas in the south of 
England, although there are large populations of anopheline vectors, the intro- 
duction of reservoirs of infection in the form of returning veterans and refugees 
from Europe did not give rise to appreciable numbers of cases of malaria in the 
local population. There were a few primary cases, but no secondary ones. In 
the words of MacArthur (1952), “The concentration of contagion, to use an 
old phrase, would fall short of the degree necessary to maintain a lasting supply 
of infected insects, and the imported disease accordingly would soon die out”. 
A similar situation probably exists in Canada. There does not seem to be much 
danger of many secondary cases occurring after the introduction of a gametocyte 
carrier in any area. A few primary cases might occur. 

Of the 152 Korean vivax cases reported by Hale and Halpenny (1953), over 
three-quarters occurred from June to September. This is the period that ano- 
phelines are most abundant and when transmission is most likely to take place. 


Environmental Conditions 


The time taken for the completion of that part of the life cycle that occurs 
in the mosquito varies with temperature. In P. falciparum, development does 
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not occur when the temperature falls below 19°C. and in P. vivax if the tempera- 
ture is below 15°C. At 25°C. the development of P. vivax takes about 10 days 
and as the temperature falls, the incubation period lengthens, so that at 20°C. 
it is about 20 days and about 38 days at 16°C. As the extrinsic incubation periods 
lengthen, the possibility of transmission and the necessity of control measures 
are reduced. The 15°C. July isotherm in Canada bounds the maximum possible 
area where any danger of malaria transmission exists. If a sufficient number of 
gametocyte carriers should ever exist in any part of that area, malaria might be 
transmitted if a suitable mosquito vector were present and able to come into con- 
tact with both a reservoir and a susceptible host. 


Conclusion 
Mosquitoes capable of transmitting malaria occur in Canada but with ade- 
quate treatment of all cases there appears to be little chance of the disease becom- 
ing re-established under present conditions. It would be useful to determine 
experimentally the vector potential of all the Canadian species of Anopheles, so 
that in the event of future emergencies adequate control methods could be devised 
with the maximum economy. 
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Inhibition of Feeding, and Blood pH Changes, in Lepidopterous 
Larvae Infected with Crystal-forming Bacteria’ 


By T. A. Angus ano A. M. Hetmpet? 


Introduction 


In recent years considerable work has been devoted to the Bacillus species 
which are pathogenic for insects. Some of these produce a proteinaceous para- 
sporal body or crystal (8) which is toxic te a large number of insect species 
(11, 13). The effect of a paralytic toxin derived from cultures of Bacillus 
thuringiensis var. sotto® on the silkworm (Bombyx mori L.) has been studied in 
some detail (2, 3, 4). A similar toxin has been extracted from Bacillus thurin- 
giensis var. alesti by Fitz-James et al. (5), from B. thuringiensis var. thuringiensis 
by Hannay and Fitz-James (personal communication), and Bacillus entomocidus 
var. entomocidus Heimpel and Angus (12, also unpublished results). 


As described earlier (2), when silkworm larvae are fed on leaves coated 
with Bacillus thuringiensis var. sotto the effect is rapid and striking. Within 
a short time (between one and two hours) after ingesting the pathogen the 
larvae become paralysed. The larvae feed readily but only during the first half- 
hour; after this initial feeding, no further ingestion of food occurs, the larvae 





c eeueination No. 531, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 

2Laboratory of Insect Poticlegy. Sault Ste. Marie, Ont. 

8Heimpel and Angus (12) have recently proposed a revision of the nomenclature of the crystal- 


bearing spore formers. Bacillus thuringiensis Berliner is referred to as Bacillus thuringiensis var. thuringien- 
sis; Bacllus sotto Ishiwata as Bacillus thuringiensis var. sotto; and Bacillus cereus var. alesti Toumanoff and 
Vago as Bacillus thuringiensis var. alesti. 
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remaining motionless until paralysis sets in. The paralysis is irreversible and ends 
in death. Various authors have described a number of symptoms caused by 
various crystal-forming bacteria in affected larvae, including sluggishness, re- 
gurgitation, diarrhoea, cessation of feeding, and finally death (11). Grison and 
Béguin (6), describing the effect of a strain of Bacillus cereus on the larvae of the 
cabbage butterfly, state that this strain “possesses with respect to the Pierids a 
repulsive action..... ee 

Recently we have been studying the effects of crystal-forming strains on 
the larvae of several Lepidoptera. One of our objects has been to determine if 
these insects respond or are affected in the same way as the silkworm. In the 
present paper certain observations of changes in feeding behaviour and in blood 
hydrogen-ion concentration are presented. A number of field trials were made 
and the results of these, as they bear on changes in feeding behaviour, are in- 
cluded. 

Material and Methods 


The bacteria were grown on nutrient agar (Difco), in large Povitzky flasks 
at 30°C. until sporulation was complete. The growth was harvested, washed 
several times, and stored as a water suspension at 3°C. 

Insects were collected by the forest biology rangers of the Forest Insect 
Survey as third and fourth instar larvae. In the laboratory, tests were conducted 
in lantern globe rearing-sets, the essential features of which are shown in Fig. 1. 
Unless otherwise noted, tests were conducted with a dosage of at least 100 ug. of 
dried material (spores and crystals) per larva. 


Field trials were made using a method similar to that described by Heimpel 
(9). Suspensions were prepared in one per cent Methocel (1). In field tests 
the dosage was heavy, about 500,000 viable cells per leaf. A paper bag con- 
taining a known number of larvae was pulled over the tips of a few branches of 
a sprayed tree and stapled in place. Numerous‘holes were then cut in each bag 
to permit air circulation and migration of larvae when foliage inside the bag 
was consumed. Daily records were kept of the weather, insect behaviour, 
mortality, degree of defoliation, etc. Mortality was not determined until after 
72 hours to avoid disturbing the larvae during their establishment on the foliage. 
Larvae remained on the trees for a minimum of 96 hours and more often for at 
least a week. At the end of this time the survivors were brought into the labora- 
tory and reared on uncontaminated foliage. 


Results and Observations 
Changes in Feeding Behaviour 


In laboratory tests reported below the following species were studied: 
Datana ministra (Dru.) on birch (Betula lutea Michx.); Hyphantria cunea (Dru.) 
on apple (Pyrus malus L.); and Anisota senatoria (A. and S.) on oak (Quercus 
rubra L.). The bacterium used was Bacillus entomocidus var. entomocidus (12). 

In all cases the control foliage, which had been sprayed with Methocel 
solution only, was almost entirely consumed within 24 hours. The test foliage 
which had been sprayed with a suspension of the bacteria in a Methocel solution 
was largely untouched. The difference is readily apparent in Fig. 1. There 
were some deaths at 24 hours but the peak of mortality occurred at about 48 
hours and some larvae survived for four to five days. On close examination of 
the foliage, it was evident that there had been some feeding, very limited in ex- 
tent (see Fig. 1), which suggested that the insects were either reluctant or 

4“Nous ne discuterons pas des essais satisfaisants réalisés sur Piéride du chou, car, outre l’action in- 


fectieuse propre de la suspension, celle-ci posséde a l’égard de la Piéride une action répulsive qui n’a pas 
été suffisamment étudiée”’. 
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Fig. 1. Inhibition of feeding by forest insect larvae following ingestion of B. entomocidus 
var. entomocidus. A, Anisota senatoria on oak, B, Hyphantria cunea on apple; C, Datana 
ministra on birch. Control foliage (left) coated with Methocel solution. Test foliage 
(right) coated with spores and crystals suspended in Methocel solution. Photographed at 
24 hours. 
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unable to continue feeding. This was investigated in tests that involved trans- 
fer to and from coated foliage. Larvae fed on clean foliage only developed 
normally. Insects placed on contaminated foliage only did not feed after the 
initial feeding, acted abnormally, and eventually died. If insects were placed on 
contaminated foliage for 12 hours and were then transferred to clean foliage they 
did not resume feeding but behaved as if they had remained on contaminated 
foliage. 

Control larvae feeding on clean foliage produced large amounts of frass, 
whereas little or no frass was produced by infected insects following ingestion 
of spores and crystals (frass pellets present in the rectum before ingestion of 
contaminated foliage were usually voided.) This suggested interference with 
normal digestive function, and it was found that the gut of susceptible forest 
insects became paralysed following infection and that, food taken into the gut 
before or with the toxic material remained in the gut until the insect died. These 
findings confirm Vankova’s observation of a similar condition in Euproctis 
phaeorrbea (14) and will be discussed further in a forthcoming paper. To 
determine if this partial paralysis was simply the result of insufficient dosage, the 
susceptibility of A. senatoria larvae was tested in quantitative experiments. On 
foliage coated with two ug. of washed cells per sq. cm. of leaf surface the mor- 
tality was 70 per cent in 48 hours, and 100 per cent in 96 hours. When the 
dosage was increased 20 times so that 100 per cent mortality occurred in 48 
hours. ambulatory paraly sis was still not observed. 


Study of other species (see below) showed that most susceptible species do 
not exhibit complete paralysis but die with sy mptoms similar to those described 
for A. senatoria. The sluggishness and cessation of feeding noted by other 
workers (11, 13) may be due to a partial paralysis. 


The mortality data from field tests are summarized in Table I. The 
weather for the period was cool with frequent heavy rain-storms, and this is 


TABLE I 


Mortality in certain forest insects following ingestion of two varieties of Bacillus thuringiensis 











Control Varieties 
thuringiensis | sotto 
Insect species ee a SOM ee ee ete BE OR 
Mortality Mortality | Mortality 
No. PI ei ea ee eR Bs eee 
tested tested | tested | 
No. %. 4 No. | % | | No. | &% 
Miclnsunesat americanum 130 41 31 | 280 265 | 94 118 | 1 17 99 
200 27 14 260 94 | 36 | 400 161 40 
50 8 | 16 | 300 121 | 40 | 350 | 141 39 
Malacosoma disstria 200 13 iS | 3380 281 | 80 | 400 | 304 76 
| 200 | 47 23 | 800 478 | 59 | 800 | 412 56 
| | | | 
Anisota rubicunda 318 | 10 3 | 418 | 386 | 92 | 364 | 296 92 
| woe i 82 6 | 375 299 | 79 378 260 61 
| | } 
Aniscta senatoria | 2. to 28 Pow 330 | 320 | 95 380 | 360 95 
| 354 6 2 | 780 | 615 | 75 745 | 531 | 70 


Datana ministra 180 30 | 16 300 290 97 400 | 390 | 97 
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reflected in the wide variation in mortality found in some tests. The cool 
weather prolonged the incubation period following ingestion of bacteria, and in 
some tests the rainfall seriously decreased the number of bacteria on sprayed 
foliage. Extensive defoliation of control trees was noted, but little or none of 
test trees. Insects on test trees stopped feeding within a few hours and were 
sluggish thereafter. The difference in activity and feeding was paralleled by 
differences in frass drop; frass drop was heavy on control trees and light or 
absent on test trees. In periods of warm dry weather the mortality was higher 
than in cool weather. Large numbers of dead larvae were inspected micro- 
scopically and it was found that Bacillus rods were present in the haemolymph in 
most cases. 


Changes in Haemolymph pH 

In a previous paper (4) a characteristic symptom caused by sotto toxin in 
silkworm larvae was reported. Briefly, an increase of 1.5 pH units in alkalinity in 
the blood takes place concurrently with a decrease of alkalinity in the midgut 
of the silkworm larvae fed either crude spores and crystals, or extracted toxin. 
These pH changes can be correlated with the progressive development of para- 
lysis. A similar paralysis can also be produced in healthy silkworm by injecting 
into the haemolymph sufficient non-toxic buffer to alter the pH to 8. ‘1. 

Since the above report was published, larvae of the tomato hornworm 
(Phlegethontius quinquemaculatus (Haw.)) and the Chinese oak silkworm 
(Antheraea pernyi (Guérin)) were fed foliage coated with B. thuringiensis var. 
sotto, and changes in blood pH were recorded. The response was similar to that 
of the silkworm in every respect except the time taken to develop paralysis. 
Complete paralysis in silkworm larvae developed in 70 minutes, whereas in horn- 
worm it took from five to six hours and in the oak silkworm six to seven hours. 


Changes in the blood pH of susceptible species not showing complete par- 
alysis were also investigated, and these included: Malacosoma disstria Hbn.; Mala- 
cosoma pluviale Dyar; Malacosoma americanum (F.); Hyphantria cunea (Dru.); 
Schizura concinna (A. and §S.); Anisota senatoria (A. and S.); Anisota rubicunda 
(F.); Halisidota caryae Harr.; Nymphalis antiopa (L.); Datana ministra (Dru.); 
Datana integerrima G. and R.; Vanessa cardui (L.); Zeiraphera ratzeburgiana 
Ratz. These species showed no consistent changes in blood hydrogen-ion con- 
centration, and in no case was the change greater than plus or minus 0.4 pH 
units around the mean for the species. The data for silkworm, hornworm, oak 
silkworm, and the non-paralysing larvae are plotted on a common time base in 
Fig. 2. It is evident that there is a marked difference in response. 


Discussion 

Comparing the responses of affected insects it appears that the paralysis in 
silkworm, hornworm, and oak silkworm is not typical for susceptible lepid- 
opterous larvae. It has been shown that all susceptible species including silk- 
worm do not feed again after an initial meal on contaminated foliage. In silk- 
worm, however, this initial meal leads to a paralysis which is profound and ir- 
reversible, but in the other species this does not occur although the result, death, 
is the same. The cessation of feeding may be the result of a localized paralysis 
of the midgut but this is probably not the whole answer, for the complete paral- 
ysis in silkworm is preceded by an increase in the alkalinity of the haemolymph 
and this does not occur in the other susceptible species. Assuming that the in- 
crease in alkalinity in silkworm haemolymph is due to an equilibration between 
the highly alkaline mid- -gut contents and the slightly acid haemolymph, why does 
not the same phenomenon occur in the other susceptible species? The gradient 
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Fig. 2. Changes in larval blood pH following ingestion of B. thuringiensis var. sotto. 
A, Bombyx mori; B, Phlegethontius quinquemaculatus; C, Antheraea pernyi; D, susceptible 
lepidopterous species not showing complete paralysis. 
p indicates when paralysis observed 


between these regions is no greater in silkworm than it is in some other susceptible 
species (10). It may be that the damage in the silkworm gut is greater in area 
or in degree, or that two distinct modes of action are in operation. The in- 
hibition of feeding when the insect is still capable of responding to other stimuli 
indicates that the primary lesion probably occurs in the gut. The nature of this 
lesion is yet to be elucidated, and is currently under study. 

The field observations with respect to insect behaviour following infection 
are similar to those noted in laboratory experiments. An initial feeding on foliage 
coated with microorganisms was followed by a period of sluggishness. In all 
cases there was no further feeding, while control larvae continued to be quite 
active and fed heavily. The onset of mortality following this initial feeding on 
sprayed foliage was rapid in warm weather but delayed in cool weather. This 
has been noted by other workers with insect pathogen systems. Heimpel (9) 
noted a marked decrease in mortality in field-infected larch sawfly during periods 
of cool weather. Such an effect is of course not met with in laboratory ex- 
periments where incubation temperature for these bacteria lies between 28 and 
30°C. 

Mention has been made of Grison and Béguin’s (6) observation that B. 
cereus may ‘repel’ cabbage butterfly larvae. Our results suggest that an affected 
larva is incapable of further feeding after the primary meal, and therefore it may 
be misleading to refer to a repulsive action. It is fortunate for our purposes that 
the insect is not repelled but will begin feeding on contaminated foliage for if 
this were not so it would make possible control measures extremely difficult since 
ingestion by mouth is the commonest portal of entry for entomogenous bacteria. 
It is also fortunate that infected insects do not feed after the initial meal; thus 
extensive defoliation during the incubation period of the disease is prevented. 
Since these bacteria are equally effective against early instars of susceptible in- 
sects, heavy defoliation may never take place. It would be acceptable to refer 
to protective action or feeding inhibition if it is remembered that an involuntary 
response of the insect and not an intrinsic quality of the pathogen is being des- 
cribed. 

Since this work was completed, Hall and Dunn (7) have reported that larvae 
of the omnivorous looper Sabulodes caberata Guen. placed on foliage coated 
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with B. thuringiensis var. thuringiensis “refused to feed and starved to death,” 
when control larvae fed untreated plant material developed normally. It would 
be interesting to determine if S. caberata larvae are capable of feeding on clean 
foliage after 12 hours on contaminated foliage. A possible explanation is that the 
larvae may be extremely sensitive to the toxic effect of the crystalline parasporal 
bodies and that the dosage necessary to bring about gut paralysis (which appears 
to inhibit the feeding response) is too small to be detected by the methods used 
by Hall and Dunn. 
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New Genera and Species of Pyralidae (Lepidoptera) 


By Eucene Munroe 
Insect Systematics and Biological Control Unit 
Entomology Division, Ottawa, Canada 


Syllepis aurora, new species 
Figs. 1, 17 

Frons and scape rosy pink; vertex yellowish buff; labial palpus on outer 
surface rosy pink, on inner surface yellowish buff; maxillary palpus yellowish 
buff; antenna of male very narrowly bipectinate, light buff; thorax and abdomen 
above rosy pink with some buff scales; body beneath whitish buff; legs light 
yellowish buff. Forewing above light yellowish buff; costa broadly pink in 
basal third; sparse fuscous dusting in basal angle; traces of a fuscous discocellular 
bar; a fuscous postmedial line, concave outward opposite cell, convex and wavy 
from M, to Cu,, then retracted nearly to base of Cu,, then wavy and oblique 
inward to inner margin; entire space beyond postmedial line deep rosy pink 
except for a narrow yellow crescent on outer margin in front of tornus; fringe 
yellow. Hind wing above yellowish buff; a small fuscous sub-basal patch; a 
fuscous postmedial line, excurved to Cu,, then broken, irregular and obsolescent; 
space beyond postmedial line rosy pink from apex to Cu,. Markings of under 
surface like those of upper surface, but pink areas replaced by violaceous grey. 
Expanse 19 mm. 

Male genitalia. Uncus triangular, thickly clothed dorsally with anteriorly 
directed spines; tegumen and vinculum narrow; juxta weak, oblong; valve 
broadly spinulate, costa and sacculus narrowly inflated: a slender, thornlike process 
extending dorsad from sacculus at about one-fourth; penis slender, cylindrical, 
with a lanceolate cornutus. 

Holotype, male, Sao Paulo de Olivenga, upper Amazon, Brazil, 1891, 
Michaelis. From Staudinger collection in Berlin Museum. 

Allotype, female, and two male paratypes, San Mateo, Esmeraldas, Ecuador, 
May 5 and April 28, 1956, J. Forster. Allotype and one paratype in Bavarian 
State Zoological Collection; one paratype, type No. 6865, C.N.C. 

This species obviously resembles S. hortalis (Walker) and S. marialis Poey, 
but is immediately distinguishable by the bright- pink colour of the dark areas 
of the wings. The valve is broader in the new species and the process of the 
sacculus arises farther from the base; the penis is more slender and has a larger 
cornutus. 

Pectinobotys, new genus 
Type species: Pectinobotys woytkowskii Munroe 


Labial palpus long, slender, decurved; first joint short, with long scales below, 
second joint long, smoothly scaled, third joint long, slender, exposed; maxillary 
palpus fairly prominent, dilated with scales at tip; “frons rounded; ocellus large; 
antenna of female strongly bipectinate, the pectinations with long cilia; body 
rather stout; legs of moderate proportions; tympanic flap strongly bilobed. Fore- 
wing rather broad; R, from well before apex of cell, well separated from R,; R, 
from near apex of cell, closely apposed to R, , , in its basal portion; R, , , long- 
stalked; R, from apex of cell, not approximated to R, + ,; discocellulars strongly 
angled inward in middle, upper and lower limbs oblique; M, from distinctly 
below upper angle of cell; M, and M, from lower angle of cell, weakly approxi- 
mated at base; Cu, from before angle ‘of cell, weakly approximated to M, at base; 
Cu, from cell at two-thirds; submedian space broad; anal loop large. Hind wing 


c pattetion No. 3937, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 
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fairly large, outer margin weakly undulated and obtusely bent at Cu,; R, and R, 
strongly anastomosed; R, and M, stalked for a short distance; discocellular 
angulated in middle, lower limb strongly bent outward; M,, M, and Cu, from 
lower angle of cell, weakly approximated in their basal portions; Cu, from cell 
at three-fourths; three anals present. 

Female genitalia. Ovipositor lobes fleshy; apophyses short and weak; bursa 
globular; ductus moderately long and slender with a small, incomplete, sclerotized 
collar. 

The genus is probably related to Compacta Amsel, but is distinguished by 
the long, drooping labial palpus and the conspicuously pectinate antenna. The 
male is unknown. 


Pectinobotys woytkowskii, new species 
Figs. 10, 18 

Frons, vertex, palpi, antenna, body and legs pale creamy buff, lightly dusted 
with fuscous brown above. Forewing above pale creamy buff; a diffuse, rough, 
greyish-brown patch in basal angle; antemedial line fuscous, well defined, oblique 
outward from costa to anal fold, there bent rather sharply and oblique inward 
to 3rd A, then erect to inner margin; orbicular round, orange-yellow, sharply 
bordered with fuscous; reniform broadly lunate, ferrugineous, bordered with 
fuscous; postmedial line fuscous, well defined but somewhat variable in width, 
inwardly oblique from costa to M,, then bent outward to cell M,, then inward 
to cell Cu,, retracted to below angle of cell, then regularly curved to margin; 
a fuscous line close to and parallel to outer margin; veins on medial and post- 
medial area tinted with ferrugineous; inner margin suffused with fuscous; fringe 
light creamy buff. Hind wing above light creamy buff; a round, orange-yellow, 
fuscous-bordered discocellular spot; postmedial line narrow and irregularly den- 
tate from costa to Cu,, then interrupted, recommencing behind discocellular spot 
and running almost straight to inner margin; a dark subterminal line as on fore- 
wing. Forewing beneath pale yellowish buff; antemedial line faint, grey; 
orbicular faintly outlined in grey; reniform subquadrate, fuscous, preceded by an 
oval marking on costa, this followed distally by two smaller, similar, costal 
markings; a fuscous patch in apex. Hind wing beneath as above, but with 
markings fainter. 

Female genitalia. As described for the genus. 

Holotype, female, Sta. Teresa, R. Huallaga, Huanuco, Peru, Nov. 15, 1955, 
F. Woytkowski, type No. 6725, C.N.C. , 

One female paratype, Sao Paulo, Amaz. sup., Brazil. Berlin Museum. 

I take pleasure in dedicating this remarkable species to Mr. Woytkowski, 
collector of the holotype. 


Megastes major, new species 
Figs. 2, 19 

Head light buff, sides of frons and palpi dark brown; antenna light brown, 
compressed in both sexes, thicker in male; body above greyish brown, second 
abdominal tergite with an anterior white line and a pair of round, white dorso- 
lateral spots; body beneath light grey, tibiae and tarsal segments ringed distally 
with dark. Wings semihyaline, with reduced scales, and dark, conspicuous veins. 
Forewing with an extensive greyish-brown basal patch, extending to and usually 
incorporating the round, greyish-brown orbicular, and reaching postmedial line 
at inner margin; a greyish-brown costal stripe, with a pale-grey streak in front 
of middle of cell; reniform greyish-brown, quadrate, expanded anteriorly to 
fuse broadly with costal stripe; postmedial line irregular, fuscous, inwardly 
oblique to M,, curved outward to M,, thence inward to Cu,, then dislocated to 
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Figs. 1-3. Male genitalia. 1, Syllepis aurora Munroe; 2, Megastes major Munroe (penis 
drawn at half relative size); 3, M. spilosoma (Felder and Rogenhofer). 
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lower angle of cell, and sinuous to inner margin; a greyish-brown spot in the 
base of each of cells M,, M, and Cu,; a marginal greyish-brown band, narrowed 
in cells M, and Cu,, much more so in male than in female; fringe whitish buff, 
with dark " dashes opposite veins. Hind wing with a small greyish- -brown basal 
patch; a quadrate greyish-brown discocellular spot; a fuscous postmedial line, 
oblique inward from costa to middle of cell M,, then angled outward to M.,, 
bowed outward in each of cells M,, M, and Cu,, then retracted to lower angle of 
cell and proceeding as a diffuse greyish- -brown band to inner margin; marginal 
band and fringe as on forewi ing. Under side like upper side but with markings 
paler and less strongly contrasting. Expanse 57-68 mm. 

Male genitalia. Uncus decurved, short, enlarged at “ps spinose above; juxta 
trapezoidal, excavated above; valve broadly rounded, a large, crescentic spine 
from inner surface near base; penis stout ‘distally, basally slender, enormously 
elongated and coiled, containing a single slender, “thread-like cornutus. 

Female genitalia. Ovipositor lobes deep, densely setose; posterior apophysis 
short, strongly sclerotized; ninth tergite strongly sclerotized; anterior a Ye nn 
of moderate length, strongly sclerotized; ductus bursae lightly sclerotized near 
ostium, remainder very long and slender, membranous, finely denticulated; bursa 
globular, membranous, finely denticulated. 

Holotype, male, and allotype, female, Corupa, Sta. Catharina, Brazil, Feb., 
1954, A. Maller, type No. 6730, C.N.C. 

Paratypes: a considerable series from Boracea, Salesdpolis, Sao Paulo, Brazil, 
L. Travassos Filho and F. X. Rabello, some in the C.N.C., some in the collection 
of the Ministry of Agriculture, Brazil. 

This species is closely related to M. spilosoma (Felder and Rogenhofer) 
(Figs. 3, 20) but is somewhat larger, with the dark areas a little paler. The male 
genitalia differ from those of M. spilosoma in the shape of the juxta, which is 
small and lyriform in M. spilosoma, and to an astonishing extent in the penis, 
which is of moderate length and width in M. spilosoma and has a trough-shaped 
cornutus about two-thirds as long as the penis. 


Ghesquieriellana thaumasia, new species 
Figs. 4, 11, 21 

Frons light buff, vertex pinkish buff; thorax above whitish buff anteriorly, 
shading oaledie through buff to deep rose-pink; abdomen above deep rose- 
pink; first three segments with paired white dorso-lateral spots, anterior and 
triangular on first segment, central and round on second segment, posterior and 
triangular on third segment; remaining segments each with a posterior white 
band, expanded mid-dorsally to a triangle; labial palpus dark brown at sides, 
whitish-buff beneath; legs white with conspicuous fuscous rings. Forewing 
above translucent white; margins and veins strongly marked with light brown; 
all markings light brown: an oblique sub-basal patch from costa to inner margin; 
a quadrate orbicular, fused with stripes bordering cell; a fairly large patch below 
orbicular between Cu and 2nd A, followed by a line to inner margin; reniform 
subquadrate, its inner and outer margins excavated; postmedial line weakly in- 
curved to M,, offset outward on M, and inward on M,, Cu, and Cu,, most 
strongly on the last, thence oblique to inner margin at middle; subterminal line 
crenulated, offset outward on M.,; fringe light brown. Hind wing above trans- 
lucent white, veins and outer margin defined by light-brown lines; a quadrate 
discal spot, an oblique postmedial line, offset outward on M,, inward on M,, Cu, 
and Cu,, most strongly on the last, then outw ardly oblique to 2nd A; subterminal 
line irregularly zig-zagged, approaching margin on M,, Cu, and Cu, ‘and again at 
2nd A; fringe light brown. Wings beneath as above, but with markings dull 
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greyish brown, vein stripes weaker on forewing and obsolescent on hind wing; 
fringes pale distally. Expanse 44-60 mm. 

Male genitalia. Uncus subtriangular, weakly bilobed and setose at apex, and 
bearing irregular lateral processes at base; subscaphium thick and strong; tegumen 




















Figs. 4-6. Male genitalia. 4, Gbhesquieriellana thaumasia Munroe, 5, Rhectosomia 
braziliensis Munroe; 6, R. nomophiloides Munroe. 
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and vinculum of moderate width; juxta small and bilobed; valve of moderate 
width, costa and basal half of sacculus inflated, apex rounded, outer margin 
oblique, a fairly strong clasper on inner face at middle; penis rather slender, 
recurved at base, with a single slender cornutus. 

Female genitalia. Ovipositor small, lobes densely setose; ninth segment well 
sclerotized; apophysis short and stout; ductus bursae long and slender, mem- 
branous; bursa small, globular, membranous. 

Holotype, male, allotype, female, and 28 paratypes Efulen, Cameroons, 
various dates, H. L. Weber; one paratype Sangemelina, Cameroons, Nov. 4, 
1933, Good. Holotype, allotype and 21 paratypes, type lot No. 115, Carnegie 
Museum, eight paratypes, type No. 6744, C.N.C. 


Rhectosomia braziliensis, new species 
Figs. 5, 12, 22 

Head, thorax and abdomen above light brown with some light-buff scales 
and a few dark-brown ones intermixed; labial palpus whitish-buff at base beneath; 
antenna somewhat compressed in both sexes; second abdominal segment above 
with a T-shaped fuscous = bordered with pale buff; each of segments three 
to seven with a rectangular, fuscous, mid-dorsal patch, also bordered with pale 
buff; thorax beneath buff, with some fuscous scales; legs buff, fore coxa with 
diffuse anterior and posterior fuscous stripes, mid- and hind-coxae fuscous on 
sides, all femora with indistinct fuscous streaks. Forewing long and narrow, 
apex strongly falcate, inner margin excavated in distal half, tornus acute; ground 
colour warm brown; markings, except as otherwise noted, olivaceous, bordered 
with fuscous follow ed outwardly by pale buff; inwardly oblique basal and ante- 
medial patches behind cell; an oblique, antemedial. fuscous streak from costa 
to cell; two ovate patches at front of cell, the first broader than the second; a 
lunate spot in cell; an obscure and diffuse fuscous postmedial line, strongly 
retracted behind cell, an ovate subtornal spot in its sinus, connected by an 
oblique pale-buff line to tornus; a subterminal series of six ovate, subhyaline, 
white spots in cells R, to Cu,; a fuscous terminal line, preceded by a buff line 
and some fuscous powdering; fringe brown, paler at base and beyond middle. 
Hind wing above semihyaline w hite; a dark spot at middle of discocellulars and 
another at lower angle of cell; terminal area weakly infuscated; a black terminal 
line, thickened at veins 2nd preceded by a white line, both ending in cell Ist A; 
fringe pale buff with two fuscous lines. Forewing beneath suffused with fuscous; 
markings of upper side repeated but much blurred and obscured. Hind wing 
beneath as above, but with fuscous suffusion ‘more definite, with an ochreous, 
fuscous-bordered ring in cell, with a fuscous postmedial spot on costa, and with 
two black terminal spots behind Ist A. 

Male genitalia. Uncus slender, expanded at tip, with anteriorly directed 
dorsal spines; tegumen moderately long; vinculum narrow, juxta shield- -shaped, 
dorsally emarginate; valve slender, costa and basal part of sacculus inflated; a 
number of small spines on inner surface of valve; clasper broad and truncate, 
with a carina along distal part of dorsal margin; penis cylindrical, with a single 
slender cornutus. 

Female genitalia. Ovipositor normal; apophyses short and weak; ductus 
bursae sclerotized and contorted near ostium, otherwise slender and membranous; 
bursa globular, unarmed. 

Holotype, female, Teresopolis, R. de J., Brazil, 13-22 March, 1958, H. B. D. 
Kettlewell, type No. 6731, C.N.C. 

Allotype, male, Boracea, Salesopolis, Sao Paulo, Brazil, L. Travassos Filho and 
F. X. Rabello, in the collection of the Ministry of Agriculture, Sao Paulo, Brazil. 
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Figs. 7-9. Male genitalia of Rhectosomia spp. 7, R. viriditincta Munroe; 8, R. anto- 
fagastalis Munroe; 9, R. striata Munroe. 
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This species is somewhat reminiscent of R. vausignalis Hampson, but differs 
in the shorter wings, sharper apex, more strongly projecting tornus, and in the 
generally darker tone and more strongly contrasting dark maculation. 


Rhectosomia nomophiloides, new species 
Figs. 6, 13, 23 

Head, body and legs light greyish brown, with slight variations in tone, 
but without definite markings. Forewing long and slender, outer margin 
oblique, very slightly excurved, apex acute but not falcate; ground colour above 
light greyish brown, all markings obscure; an outwardly arcuate antemedial 
fuscous line; an elongate brown orbicular, adjoined to a long, brown claviform; 
reniform brown, rhomboidal, oblique, extending below cell; postmedial line ex- 
curved around cell, weakly denticutate basad, oblique and obsolescent towards 
inner margin; costa with four dark markings beyond cell; fringe p= buff, with 
two light-fuscous lines. Hind wing above light grey; traces of a dark post- 
medial line; an ill-defined fuscous marginal patch between M, and Cu,; fringe 
as on forewing. Forewing below fuscous, costa pale buff, with four fuscous 
marks beyond end of cell. Hind wing beneath as above, but darker. Expanse 
31-39 mm. 

Male genitalia. Uncus rather short, expanded and dorsally spinose at tip; 
tegumen and vinculum of moderate width, the latter somewhat expanded ven- 
trally; valve slender, costa and basal part of sacculus inflated, sacculus papillate 
and setose, clasper small, truncate; penis cylindrical, with a single, corkscrew- 
like cornutus. 

Female genitalia. Ovipositor narrow; posterior apophysis weak, anterior 
well sclerotized; ductus bursae with a contorted sclerotization near ostium, 
otherwise slender and membranous. 

Holotype, male, allotype, female, and one male and three female paratypes, 
La Paz, Bolivia, 3250 m., Schulze. Holotype and three paratypes in the Bavarian 
State Zoological Collection; two paratypes, type No. 6732, C.N.C. 

This species is closely related to R. tumidicosta Hampson, but differs in the 
much more obscure and confused maculation and in the more broadly arcuate 
course of the postmedial line. 


Rhectosomia viriditincta, new species 
Figs. 7, 24 

Head, palpi and dorsum of thorax light greenish brown, sides of frons and 
margins of patagium and tegula light buff. Abdomen above mainly light 
greenish brown; first segment largely pale buff; second segment whitish buff in 
middle, with obscure chocolate-brown dorso-lateral triangles at posterior margin, 
third segment variegated with chocolate brown and margined posteriorly with 
whitish buff; remaining segments with obscure, chocolate-brown, mid-dorsal 
patches. Body beneath light greenish brown, with scattered dark-brown, scales. 
Forewing moderately elongate, weakly falcate, outer margin somewhat excurved 
behind middle; ground colour whitish buff, variegated with light greenish brown 
and chocolate brown; basal area variegated; an obscure dark antemedial line, 
oblique distad to posterior margin of cell, then oblique basad; an ovate orbicular 
and lunate reniform, both pale, dark-bordered, and connected by dark shading 
in and behind cell; an annular spot behind Cu, a little basad of end of cell; post- 
medial line narrow, obscure, dark, erect and dentate to Cu,, then retracted 
obliquely to end of cell, then obscure and irregularly zig-zagged to inner margin; 
subhyaline spots in cells M,, M, and M, basad of postmedial line and in cells 
R,, R,, M,, M,, Cu, and Cu, distad of postmedial line, that in R, smaller than 
those in R, to Cu,; terminal line white, fringe light brown, a varying number of 
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dark-brown dashes cutting fringe and terminal line. Hind wing above greyish 
white; apical area lightly infuscated; marginal line white, with an irregular row 
of white dashes. Under side with markings of upper side obscurely repeated and 
with some additional irregular dark scaling on hind wing. 

Male genitalia. Uncus short, expanded and dorsally spinose distally; tegumen 
rather long; vinculum produced anteriorly in a blunt saccus; valve slender, taper- 
ing distally, a few strong setae near tip; clasper narrow, distally bent and trun- 
cated, reaching a little beyond ventral margin of valve; penis cylindrical, with a 
strong, hooked cornutus. 

Holotype, male, Corupa, Sta. Catharina, Brazil, Oct., 1956, A. Maller, type 
No. 6733, C.N.C. Three male paratypes, Boracea, Salesdpolis, Sao Paulo, Brazil, 
L. Travassos Filho and F. X. Rabello, in the C.N.C. and the collection of the 
Ministry of Agriculture, Sao Paulo, Brazil. 


Rhectosomia antofagastalis, new species 
Figs. 8, 14, 25 
Frons somewhat flattened and prominent, light buff; vertex light buff, with 
a pinkish-fulvous tuft on each side; labial palpus whitish buff; thorax above with 





Figs. 10-12. Female genitalia. 10, Pectinobotys woytkowskii Munroe; 11, Ghesquieriellana 
thaumasia Munroe; 12, Rhectosomia braziliensis Munroe. 
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Figs. 13-16. Female genitalia. 13, Rhectosomia nomophiloides Munroe; 14, R. anto- 
fagastalis Munroe; 15, R. striata Munroe; 16, Malleria argenteofulva Munroe. 


mixed fulvous, light-buff and pink scales; abdomen above with the first two 
segments blackish fuscous, bordered posteriorly with whitish buff, the remaining 
segments dark brown, anal tuft light buff; thorax beneath and legs light brown, 
somewhat irregular in intensity; abdomen beneath dark brown. Forewing 
moderately narrow, costa straight until a little before apex, outer margin weakly 
excurved, apex sharp but not falcate; ground colour above whitish buff; basal 
area clouded with light brown; a somewhat diffuse fuscous antemedial band, 
oblique distad from costa to middle of cell, then weakly oblique basad to inner 
margin; a fuscous patch at middle of inner margin; medial area clouded with 
light brown; a fuscous rectangular reniform adjoining a pinkish-brown spot on 
costa; an oblique fulvous or fuscous spot from costal beyond cell; apical and 
terminal areas suffused with fulvous; a terminal row of fuscous dots at vein-ends; 
fringe whitish with a fuscous sub-basal line and irregular fuscous suffusion. Hind 
wing above whitish grey; a weak grey discocellular bar; an obscure fuscous 
patch on margin behind Cu,; weak grey suffusion in anal area; and a weak 
fuscous marginal line at anal angle; fuscous terminal dots at ends of some veins; 
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Figs. 17-21. 17, Syllepis aurora Munroe, 6, x 2; 18, Pectinobotys woytkowskii Munroe, 
<i s i 19, Megastes major Munroe, é x 1; 20, M. spilosoma (Felder and Rogenhofer), ¢, 
x 1; 21, Ghesquieriellana thaumasia Munroe, ¢, x 1. 


fringe white. Forewing beneath irregularly grey; reniform fuscous, smaller than 
above; a fuscous patch on costa opposite reniform and another beyond it; fringe 
irregularly infuscated. Hind wing beneath whitish grey, costa darker, a faint 
grey discocellular bar; traces of a grey postmedial line. Expanse 22-31 mm. 

Male genitalia. Uncus enlarged at tip and with recurved spines on dorsal 
surface; juxta broad, shield-shaped; vinculum pointed anteriorly, valve narrow, 
tip rounded, clasper minute, directed ventrad; penis cylindrical, a single hooklike 
cornutus. 

Female genitalia. Bursa globular, membranous, finely but densely den- 
ticulate; a weak, transverse, depressed signum; ductus bursae long and slender, 
finely denticulate, two transverse sclerites near ostium. 

Holotype, male, allotype, female, and 19 paratypes, Paposo, Antofagasta, 
Chile, Sept. 21, 1952, L. Pena, type No. 6735, C.N.C. 

This species is related to Rhectosomia excisalis (Snellen), new combination, 
which belongs here rather than in Agathodes, but differs in the more variegated 
forewing and in the less oblique reniform spot. Specimens from Santiago prov- 
ince, Chile, appear to be larger and paler than the type series of R. antofagastalis, 
but they are badly rubbed and identical with topotypical specimens in genitalia. 
Without better material I do not care to distinguish them. I have seen a female 
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perhaps referable to R. excisalis from Cochabamba, Bolivia, 2600 metres. This 
shows minor differences in maculation from the type series of R. excisalis, and 
additional material may show that it is distinct. 


Rhectosomia striata, new species 
Figs. 9, 15, 26 

Frons flattened and somewhat prominent, pale buff; vertex pale buff; labial 
palpus light brown on side, pale buff above; antenna compressed 1 in male, filiform 
in female; thorax above light brown, a fuscous stripe down middle of tegula; 
abdomen light brown variegated with fuscous; thorax beneath and legs light buff, 
coxae variegated with brown and fuscous. Forewing long and slender, very 
strongly falcate; ground colour above light buff; an obscure fuscous antemedial 
band, oblique distad from costa to Cu,, then strongly oblique basad to inner 
margin; orbicular fulvous, oval, oblique and in line with lower limb of ante- 
medial band; a strong fulvous and fuscous medial shade oblique from inner 
margin at one-fourth to basal side of reniform; reniform lunate, <ivaie margined 
a darker fulvous and fuscous; a short semihyaline submarginal spot in w 

R,; a long semihyaline streak from near margin to edge of reniform in cell R,; 
shorter semihyaline streak in cell M., bordered posteriorly by a weak dark ont 
a narrow dark streak on R,; one between Cu, and Cu, and one on anal fold; 
fringe variegated light and dark brown. Hind wing above greyish white, in- 
fuscated towards margin especially on veins; fringe light grey, with a fuscous 
mid-line. Forewing beneath fuscous, with costal area pale buff, markings of 
upper side obscurely indicated. Hind wing with under surface like upper sur- 
face. Expanse 30- 37 mm. 

Male genitalia. Uncus slender, dilated at tip, with dorsal recurved spines; 
juxta ovate; valve rather broad, with fairly prominent clasper; penis with two 
rows of four spine-like cornuti. 

Female genitalia. Bursa globular, membranous, with traces of a depressed 
transverse signum, ductus long and slender, both ductus and bursa minutely 
denticulate; ductus with a weakly sclerotized collar a little before ostium, and a 
stronger broader one a little forward of the first. 

Holotype, female, Finca La Violeta, Soconusco, Chiapas, Mexico, 850 m., 
Oct. 29, 1954, F. Hartig; Allotype, male, same locality and collector, Sept. 7, 
1958, type No. 6736, C.N.C. 

This species differs from others of the genus in the striated overall pattern 
and in the multiple series of cornuti. Superficially it might be taken for a species 
of Lineodes, but the configuration of the gertitalia and the nature of the funda- 
mental pattern show its true affinity. 


Malleria, new genus 
Type species: Malleria argenteofulva Munroe 

Frons somewhat flattened; labial palpus slender, cylindrical, upturned, much 
longer than head; third joint long, cylindrical, distinct; maxillary palpus large, 
cylindrical; proboscis present, slender; chaetosema weakly developed; female 
antenna compressed; body stout; fore legs robust; tympanic flap transverse, bear- 
ing a fan-like tuft of scales. Forewing broad, costa and outer margin somewhat 
rounded; R, from before end of cell, R, from end of cell, anastomosing with 
R, + 4; R, and R, long-stalked; discocellular strongly angled inward at middle of 
cell, upper and lower angles of cell acute; R, from a little below — angle, not 
approximated to R, , ,; M, from a little below R,; Cu, from before angle; Cu, 
from cell at two-thirds; anal loop large, bearing a spur. Hind wing mss ed 
at Cu,; Sc and R, briefly anastomosed; M, from upper angle of cell; discocellular 


strongly curved, the lower angle long, the upper one short, but acute; M, and 
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Figs. 22-27. 22, Rhectosomia braziliensis Munroe, 6; 23, R. nomophiloides Munroe, 9; 
24, R. viriditincta Munroe, 6; 25, R. antofagastalis Munroe, ¢; 26, R. striata Munroe, 2; 27, 
Malleria argenteofulva Munroe, 2. 


M, from lower angle of cell, approximated basally; Cu, from before angle; Cu, 
from cell at three-fifths; three anals present. Perhaps related to Omphaloptera 
Hampson, but differing in the much longer and more slender palpi and in the 
large size and robust build. 

I take pleasure in dedicating the genus to Mr. A. Maller, Corupa, Brazil. 


Malleria argenteofulva, new species 
Figs. 16, 27 

Head silvery white, some fulvous scales at sides of frons and a fulvous band 
between antennae; palpi fulvous; antenna with first joint white, remainder fulvous; 
thorax above white, sides of patagium fulvous, some fulvous scales on tegula; 
abdomen above silvery white, with weak transverse and mid-dorsal fulvous 
stripes; body beneath silvery white, legs suffused with fulvous. Forewing above 
silvery w hite, with fulvous markings as follows: a stripe on costa to postmedial 
line; an arcuate double sub-basal line; an irregular, double antemedial line; an 
obscure, triangular orbicular; a very large, 8-shaped reniform; a postmedial band 
of annular markings, curved from costa to Cu,, then retracted to behind cell; an 
oblique shade from lower angle of cell to tornus; a row of annular terminal 
markings; fringe fulvous. Hind tes silvery white, with fulvous markings as 
follows: an obscure, double, antemedial line, beginning in cell and ending in 
anal area; a large, annular, discocellular marking; a postmedial row of annular 
markings, evenly curved from R, to Cu,, then retracted to behind cell; a term- 
inal row of annular markings as on forewing; a subapical patch; fringe fulvous. 
Wings beneath as above, but with fulvous markings much weaker. Expanse 
37 mm. 

Female genitalia. Ovipositor fleshy, heavily and densely setose; posterior 
apophysis rather weak, sinuous; anterior apophysis stronger, posteriorly broad 
and bifurcate; ductus Pn a of moderate length, expanding gradually 
into the membranous bursa. 

Holotype, female, Corupa, Sta. Catharina, Brazil, April, 1955, A. Maller, 
type No. 6734, C.N.C. 

Summary 

Two new genera and 10 new species of Pyralidae are described. Agathodes 

excisalis Snellen is transferred to Rhectosomia. 


(Received March 24, 1959) 
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Descriptions of Two New Species of Cyrtinus LeConte, with a Key 
to the New World Cyrtinini (Coleoptera : Cerambycidae)’* 


By Henry F. Howpen 


Insect Systematics and Biological Control Unit 
Entomology Division, Ottawa, Canada 


The two species described herein bring the total number of known species 
of New World Cyrtinini to 17. Since the descriptions are scattered and no key 
to these species was previously available, a brief key to the genera and species 
in the tribe is presented, being based in part on the descriptions only. I examined 
the species of Haldeman and Fisher, but not those described by Pascoe, Gahan, 
Hope, Bates, and Cameron. References to the original descriptions are given 
by Leng (1920, p. 281) and Blackwelder (1946, pp. 619, 620, and 1957). In 
Blackwelder’s 1946 work the date given for the description of Sciocyrtinus Fisher 
on page 620 should read 1935 instead of 1934. I wish to thank Mr. W. S. Fisher, 
Washington, D.C., for checking the key and examining specimens of the new 
species. 

The Cyrtinini are al] small, antlike cerambycids, most readily collected by 
beating dead twigs of various hardwoods. Tribal characteristics of the New- 
World species are: body small; head not retractile; flat or feebly concave between 
antennae; eyes small, divided or nearly so; prothorax cylindrical, strongly con- 
vex, unarmed or tuberculate laterally or medially; base constricted; elytra usually 
depressed and flattened anteriorly, often with a crest or tubercle at base of each; 
front coxal cavities large and rounded; fore tibia often sulcate. 


Key to Genera and Species 


1, Eyes not completely divided (South America) ER es TI EET 2 
Eyes completely divided (North arid Central America) nee 3 
2. Prothorax with sides strongly toothed; antenna shorter than body (may belong near 
Pertyia Auriv.). Brazil _...Omosarotes singularis Pascoe 
Prothorax with sides — teeth; antenna longer than body. 
Amazon ee keen crn cosuadecptdtelGestitaseiccaend Scopadus ciliatus Pascoe 
3. Antenna 10-segmented ee nee eT TT YB Ee ee ; abtie Rite ie 
Antenna 11-segmented 5 
4. Color pitchy black and glossy; elytra with median 1 narrow transverse » band “of white 
setae. Grenada Decarthria albofasciata Gahan 
Color pale testaceous; elytra maculated with black. St. Vincent 
RP RR Rei a ea ee Ee eee _..... Decarthria stephensi Hope 
5. Pronotum armed with a strongly “elevated, obtuse tubercle at middle of disc. 
Jamaica Sciocyrtinus elongatus Fisher 
Pronotum lacking tubercle at dorsal midline (species of Cyrtinus) : 6 
6. Basal tubercle of elytron elevated, distinct, often with a pencil of hairs Dah | 
Basal tubercle of elytron indistinct or obsolete ___. 12 
7. Color bluish or greenish black; each elytron with two yellowish spots (basal tubercle 
with one or two long setae). Cuba ; Cyrtinus acunai Fisher 
Color varying from light brown to black and variously marked, but never with 
bluish or greenish cast ee ceri : 8 
8. Elytral tubercle armed with a tuft of setae , ere. aA 
Elytral tubercle bare or with one or two setae funcmewcnatiaudds 10 
9. Color entirely black; depressed basal part of elytra impunctate. 
REE LTE rk oe AR SAD a: eSeR ee ies ia eS Cyrtinus penicillatus (Bates) 


Color brown or brownish-black, with apical half of elytra often nearly black; 
depressed basal part of elytra punctate. Eastern United 


| Pe ARLEN SS ee MERE eR. Cyrtinus pygmaeus (Haldeman) 

10, Elytral tubercle bare, lacking setae Sa Sadish ne ; 11 
Elytral tubercle with a single, long, black seta. Montserrat, Leeward 

Islands $ ; s=osanessuntint action tesininintansanttnsstinnnicsea) Meg a irae 


Canal contribution No. 3921, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 
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11. Disc of pronotum alutaceous, wick Bild rugose serene 


Guatemala ____ ae Cyrtinus opacicollis (Bates) 
Disc of pronotum smooth and ‘shining. ‘Haiti Sateen _Cyrtinus fauveli (Cameron) 
12. Pronotum evenly, coarsely, deeply, confluently punctate; “basal half of elytral disc 
coarsely punctate ea DRE eS ie ast © ica ae 
Pronotum with scattered fine punctures « or impunctate veneer nee a7 2s 
13. Dorsal surface shining, at least feebly; coarse punctures near base “of elytron 
I as . 14 
Dorsal surface subopaque; coarse "punctures near base of elytron elongate (eyes only 
slightly divided). Puerto Rico _Cyrtinus subopacus Fisher 
14. Elytron pale brown and ornamented with two reddish-brown or black spots; 
pronotum as wide as long. Puerto Rico —. , Cyrtinus oakleyi Fisher 
Elytron reddish brown, darker along lateral margin, but Tacking spots; pronotum 
slightly longer than wide. Puerto Rico — __.....Cyrtinus eugeniae Fisher 
15. Pronotum with impunctate areas smooth and shining eee — 
Pronotum with ‘alles opaque, granulate. Mexico —.__. Cyrtinus mockfordi- n. sp. 
16. Pronotum with scattered areas sparsely, finely, irregularly punctate; sutural interval 
of elytron raised. Cuba _Cyrtinus schwarzi Fisher 
Pronotum sparsely, evenly punctate; sutural interval of elytron not raised. 
Jamaica nee een i a 


Cyrtinus mockfordi new species 


Holotype.—Female, length 2.5 mm., greatest width 0.8 mm. Head, pro- 
notum, elytra, and abdomen brownish-black to black; lateral portions of head, 
prothorax, and elytra reddish-brown. Each elytron with a partial transverse 
testaceous fascia evident laterally at basal fifth; laterally, posterior to this fascia, 
an oblique band of white setae; medially, anterior to the fascia, a second, short, 
transverse band of white setae. Antennal segments one to nine testaceous at 
bases. Femora testaceous in basal halves. 


Head slightly wider than long. Labrum small, truncate, rather densely 
setate; clypeus greatly shortened and transverse. Frons only slightly convex, flat 
between antennae; frons and vertex opaquely granulate with scattered, indistinct, 
seta~bearing punctures; midline distinctly indicated by a shallow groove running 
from clypeus to base of vertex. Eyes small, coarsely granulated, divided; 
separated from each other on vertex by 1.5 times width of emargination of eyes 
in front; lower lobe over twice as large as upper lobe. Antenna 11- -segmented, 
about as long as the body; outer portions of segments one to seven and remaining 
segments with numerous short, fine, brown setae; inner portions of segments one 
to six with a few, scattered, long, blackish setae. 


Pronotum one-seventh longer than wide, distinctly narrower at base than at 
apex; sides nearly parallel anteriorly, slightly constricted just in front of middle, 
strongly constricted in basal fourth, then slightly arcuate to base; disc strongly 
convex, opaquely granulate, with numerous, very fine, recumbent, yellowish 
setae and with scattered, long, erect, black setae arising from shallow punctures. 


Scutellum covered apically with recumbent whitish setae. Elytra nearly 
twice as long as wide, one-fourth wider than pronotum; sides parallel near bases, 
gradually expanded to apical third, then arcuately attenuate to apices, which are 
angulate at the suture. Discal surface shining; shallowly impressed at basal fifth 
in area of transverse brown fascia. Basal tubercles lacking, entire basal fourth of 
elytra with scattered coarse punctures; apical three- fourths of elytra moderately 
convex. Elytra with two bands of white setae in basal fifth, fine testaceous setae 
laterally, and two irregular longitudinal rows of long black setae (flying-hairs) 
on each elytron. 

Ventral surfaces shining except median portion of prosternum and entire 
metasternum which are granulate. Sterna with numerous white setae; abdominal 
segments with a few short, white setae, becoming more numerous on posterior 
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segments. Each femur clavate; the club occupying the apical half, slightly 
flattened laterally. 


Type Material—Holotype; female, six mi. west Teziutlan, Puebla, Mexico, 
Aug. 17, 1958, E. Mockford, on dead branches Alnus sp.; in Canadian National 
Collection (No. 6829). Paratypes: nine, same data as holotype. Paratypes in 
the Canadian National Collection, United States National Museum, Illinois Natural 
History Survey Collection, and in the personal collection of John Bouseman. 


Variation in the type series was evident mainly in size and color. Length 
ranged from 2.2 to 2.5 mm. and greatest width from 0.7 to 0.9 mm. Dorsal color 
ranged from nearly black, with no indication of the transverse brown elytral 
fascia, to generally reddish-brown with only the posterior two-thirds of the ely tra 
black. In the more lightly colored specimens, the ventral white setae were not 
as evident as in the darker specimens, and the legs were entirely testaceous. All 
of the paratypes appear to be females. 


Cyrtinus mockfordi seems most closely allied to Cyrtinus opacicollis (Bates), 
but differs from the description of that species by lacking the basal tubercles on 
the elytra. It can be separated from other related species by the opaque, 
granulate pronotum. 


This species is named in honor of Mr. Edward Mockford, Illinois Natural 
History Survey, Urbana, Illinois, who collected the series and generously gave 
it to me. 

Cyrtinus sandersoni new species 


Holotype.—Female, length 2.4 mm., greatest width 0.8 mm. Head brown; 
anterior half and basal constriction of pronotum brown, posterior half of pro- 
notum except basal constriction, and elytra brownish-black to black. Elytra 
with a narrow, transverse, testaceous fascia at basal third; an oblique band of 
white setae on each elytron posterior to the transverse fascia which adjoins it at 
lateral margin. Metasternum and abdomen brownish black; remainder of ventral 
surfaces and legs testaceous to brown. Each antennal segment testaceous basally, 
brown apically. 

Head slightly wider than long. Labrum small, truncate; clypeus greatly 
shortened and transverse. Frons convex and evenly, sparsely punctate; between 
antennae nearly flat and with a small, median fovea. Punctures of head each 
with a fine, recumbent testaceous seta. Eyes small, coarsely granulated, divided; 
separated from each other on vertex by twice width of emargination of eyes in 
front; lower lobe approximately twice the size of upper lobe. Antenna 11- 
segmented, about as long as the body; outer portions of segments with numerous, 
fine testaceous setae, inner portions with fewer, but larger, brownish setae. 


Pronotum one-seventh longer than wide, distinctly narrower at base than 
at apex; nearly parallel anteriorly, slightly constricted in apical third, strongly 
constricted in basal fourth, then parallel to base; disc strongly convex, shining 
between the sparse, fine, seta-bearing punctures; basal constriction rather coarsely, 
closely punctate, punctures bearing whitish recumbent setae. 


Scutellum covered apically with recumbent white setae. Elytra twice as 
long as wide, one-fifth wider than pronotum; humeri distinct, sides parallel at 
extreme bases, gradually expanded to apical third, then arcuately attenuate to 
apices, which are rounded. Discal surface shining; narrowly, shallowly, trans- 
versely impressed at basal fourth in area of transverse brown fascia. Basally 
each elytron with a vague rounded tumidity indicating the basal tubercle, each 
swelling with a single, long, blackish setae arising from its center. Elytra in 
apical two-thirds feebly convex; surface impunctate except in transverse im- 
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pression, which has 10 to 12 large coarse punctures. Elytra with scattered, fine, 
recumbent, testaceous setae; an oblique band of white setae on each side below 
transverse impression, and a few long, erect, black setae (flying-hairs) in ir- 
regular longitudinal rows. 

Beneath shining; abdominal segments, particularly the apical segment, with 
scattered, shallow punctures bearing fine, recumbent, whitish hairs. Each femur 
strongly clavate; the club occupying the apical half, flattened laterally. 

Type Material_Holotype; female, St. Andrew Parish, Hardwar Gap, 
Jamaica, June 24, 1958, M. W. Sanderson, J58--20, beating and sweeping vege- 
tation; in Illinois Natural History Survey collection. Paratypes: two, same data 
as holotype, in Canadian National Collection (No. 6830), and in The Institute of 
Jamaica. 

Variation in the paratypes was slight. Length ranged from 2.1 to 2.3 mm. 
and greatest width from 0.6 to 0.7 mm. In other respects they agree very well 
with the type. 

Cyrtinus sandersoni seems most closely allied to Cyrtinus hubbardi Fisher 
and Cyrtinus schwarzi Fisher. It may be distinguished from the former by its 
darker coloration, lack of distinct basal elytral tubercles, and by the finely but 
rather evenly punctate pronotum; from the latter it differs in being darker, 
having a single long seta arising from the vague basal tubercle, and by lacking a 
distinct raised sutural interval, which is quite evident in C. schwarzi. 

This species is named in honor of Dr. Milton W. Sanderson, Illinois Natural 
History Survey, Urbana, Illinois, who collected the material and kindly made it 
available for study. 

Summary 

Two new species of long-horned beetles, Cyrtinus mockfordi from Mexico 
and Cyrtinus sandersoni from Jamaica, are described, bringing the total number 
of species in the tribe Cyrtinini in the New World to seventeen. A key to 
the New-World genera and species in the tribe is included. 
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Notes on Life-History and Rearing of Colladonus clitellarius (Say) 
(Homoptera: Cicadellidae)’* 


By J. A. Georce? anp T. R. Davipson* 


Although the leafhopper Colladonus clitellarius (Say) was found by Gilmer 
(1954) and Thornberry (1954) to be a vector of eastern X-disease virus of peach 
and cherry, little has previously been reported concerning the life-history or 
rearing of the insect. Gilmer (1954) stated that he did not know the host plant 
of the nymph and that collections of adults as early as June 3, 1953, and as late 
as October 22, 1951, suggested strongly that the insect may overwinter as an 
adult in New York State. Phillips (1951) found the species in sour-cherry 
orchards in the Niagara Peninsula of Ontario. 

This study of the life-history of C. clitellarius was undertaken in order that 
it might be reared in sufficient numbers for virus-transmission tests in a search 
for vectors of yellows and necrotic ring spot viruses of sour cherry. The know- 
ledge obtained may also lead to a better understanding of the ‘ecology of X- 
disease. 

Descriptions 

Adult—The adult (Fig. 6) was described by Beirne (1956) and Neilson 
(1957). The light-colored areas are yellowish-ivory and the dark areas vary 
from light golden brown to black. Nearly all of the first-generation specimens 
collected during June were black, whereas ‘second- -generation ones collected dur- 
ing August and September varied in color. Beirne (1956) mentioned a variety, 
marcidus Ball, that has a brown or blackish brown rather than a black body color. 
In the present study, however, populations of black first-generation pow gave 
rise to second- -generation adults varying from light golden brown to black. 
Color variation in this species therefore seems to be influenced by environmental 
factors rather than genetic ones. 

Nymph.—Figs. 1-5 illustrate the five nymphal instars. The nymph is creamy 
white to yellow with a dark pattern varying from dark brown to black. In the 
first instar the head and thorax are dark and the abdomen light whereas in the 
later instars the dark pattern extends as a mosaic from the vertex to the last 
abdominal segment. The approximate length of each instar is: first instar, one 
mm.; second, 1.5 mm.; third, 2.5 mm.; fourth, 3.5 mm.; and fifth, 4.25 mm. 


Life-history and Host Plants 

By persistent sweeping of vegetation in various areas near St. Catharines, 
adults were collected consistently during June from various plants in certain 
areas along the banks of the Niagara River below Queenston, where most of the 
field studies were later carried out. They were collected less consistently and 
in smaller numbers in other wooded areas in the Peninsula. 

Gilmer (1954) found the adults on Prunus spp., willow, boxelder, alfalfa, 
oak, birch, elderberry, and Viburnum sp. and Nielson (1957) found them on 
Wisteria sp., Acer saccharum Marsh., Buddleia sp., Lombardy poplar, Salix 
sericea Marsh., birch, and goldenrod. In the present 5 Mg adults were 
most frequently collected on box-elder, Acer negundo L., although they were 
also taken on mazzard, Prunus avium L.; willow, Salix sp.; lilac, Syringa vulgaris 
L.; wild grape, Vitis riparia Michx.; and chokecherry, Prunus virginiana L. 
Caged adults survived as long as eight weeks and deposited eggs on box-elder, 
but did not survive longer than one week on sour cherry, Prunus cerasus L., 

1Contribution No. 3920, Entomology Division, and No. 1756, Botany and Plant Pathology Division, 
Department of Agriculture, Ottawa, Canada. 


2Entomolo; ogy Laboratory, Vineland Station, Ontario. 
8Plant Pathology Laboratory, St. Catharines, Ontario. 
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Figs. 1-6. Colladonus clitellarius (Say). X 11. 1, first instar; 2, second instar; 3, third 
instar; 4, fourth instar; 5, fifth instar; 6, adult. 


or longer than 10 days on dandelion, Taraxacum officinale Weber, which is a 
favourite host of the nymphs. 


There are two generations a year. In sweeping at approximately two-week 
intervals, adults of the first generation were collected as early as June 4 in 1957 
and May 28 in 1958. They gradually increased in abundance until about the 
third week in June and then rapidly disappeared. None was collected from 
early July until early August. Adults of the second generation appeared during 
the first week in August, increased in numbers until early September, and then 
gradually deereased and disappeared about the last week in October. 


Mating was observed in the field during early June and again during late 
August and early September in 1957. 


In rearing-cages eggs were deposited in the leaves of sour cherry; box-elder; 
wild grape; and nightshade, Solanum dulcamara L. None was found on the herbs 
on which the nymphs fed. The female makes a slit in the surface of the leaf 
with the ovipositor, inserts the latter, and places the egg between the upper and 
lower epidermis of the leaf. When first laid the egg is difficult to locate but it 

can be found by means of an oblong swelling of the leaf on both surfaces and 
a tiny cut on the surface where it was inserted. Later the leaf area occupied by 
the egg may change color and the position of the egg is easily determined. Most 
eggs were placed along the edge of the leaf though often a group of three or 
more was placed at the apex. 

First-generation adults laid eggs during the last half of June. These hatched 
in about two weeks and the nymphs dropped to the ground, where they settled 
mainly on dandelion; nightshade; and prickly lettuce, “Lactuca scariola L. Some 
were also found on curled dock, Rumex crispus L.; sow thistle, Sonchus arvensis 
L.; and annual fleabane, Erigeron annuus (L.) Pers. 


Adults of the second generation began laying eggs during late August and 
some continued to do so until they died during the last week in October. The 
eggs fell to the ground with the leaves which were placed in a flattened screen 
cage and buried among fallen leaves. In this way the eggs were successfully 
carried through the winter of 1957-58. Overwintered eggs hatched from April 
21 to May 10. The nymphs settled mainly on dandelion and prickly lettuce, 
which were among the few plants actively growing this early in the season. 
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The durations in days of the nymphal instars in the greenhouse at a mean 
temperature of 70° F., as determined for 20 individuals, were as follows:— 


Instar First Second Third Fourth Fifth Hatching to 


adult 
Range 7-11 3-7 3-12 3-7 4-11 26-40 
Average 8.8 4.7 5.3 5.0 7.0 30.8 


Whether collected or reared, the first adults of each generation to appear 
were almost all males whereas the last were almost all females. These records 
suggested that the developmental period of males is two to four days shorter 
than that of females, although this was not shown conclusively among the small 
number reared. 

The nymphs are easily located aon the injury they inflict on their hosts, 
especially after the first instar. Injury first appears as a yellow area about the 
feeding puncture, becoming larger and more pronounced as feeding continues. 
Later, a yellow-margined necrotic area extends inwards from the edge of the 
leaf. The amount of necrosis depends upon the duration of feeding and on the 
number of nymphs present. Eventually the whole leaf may become necrotic 
as the nymph matures. Unless greatly disturbed or overcrowded, a nymph 
continued to feed on the same leaf until maturity. 


Parasites and Predators 

During mid-August of 1957 and 1958 nymphs in the field were noticed 
carrying larvae of a dryinid parasite on the side of the thorax. In 1957, at least 
19 out of 110 nymphs collected were parasitized. Parasitized nymphs never 
developed into adults, but died as the parasites emerged. No parasitized adults 
were found. On emerging from the host the pink dryinid larva burrowed into 
the soil, where it spun a tiny cocoon and presumably spent the winter. Attempts 
to rear adults for identification were not successful. No parasitized _first- 
generation nymphs were found. 

The nymphs are not very active and many fall prey to spiders. On many 
occasions leaves with pronounced feeding injury revealed the presence of spiders 
and often the remains of nymphs. 


Rearing 
Large numbers of C. clitellarius for virus-transmission experiments were easily 
reared in cages in the greenhouse by using potted box-elder seedlings as feeding 
and oviposition hosts for the adults and dandelion and nightshade seedlings as 
hosts for the nymphs. Rearing could not be continued through the winter, for 
eggs laid by second-generation adults on nightshade in October did not hatch 
until February although the nightshade grew continuously. 


Summary 

Colladonus clitellarius (Say) has two generations a year in the Niagara 
Peninsula; it overwinters in the egg stage in fallen leaves. The average period 
from hatching to adults is about 31 days at 70° F. The adults feed and oviposit 
on the leaves of deciduous woody plants, whereas the nymphs feed mostly on 
herbaceous plants. The species was easily reared in the greenhouse on box- elder 
as the host for the adult and dandelion or nightshade for the nymphs. An un- 
identified dryinid parasite was found on second-generation nymphs but not on 
first-generation ones. 
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On a Polyhedral Disease of Trichiocampus viminalis (Fall.) 
Larvae (Hymenoptera: Tenthredinidae)’ 


By W. A. SmirnorF AND R. BéIQuE? 


The poplar sawfly, Trichiocampus viminalis Fall., is indigenous to Europe, 
where it is common and widespread, but is also prevalent i in the north-eastern 
United States, Eastern Canada and British Columbia. For the past five or six 
years it has caused serious defoliation to Populus nigra and P. deltoides in the 
vicinity of Quebec City. 

The biology of this insect has been the subject of study by the junior 
author (1957)* my the last three years. In this region, the insect has two genera- 
tions per year. The first generation occurs between the end of May and the 
end of Augast, the second from the end of August to about the middle of 
October. The eggs are laid in slits cut in the petiole of the leaves and the 
larvae feed side by side in a row from the lower surface of the leaves. They 
undergo six instars and spin cocoons in the soil. 


Between July 20 and 30, 1957, widespread mortality of larvae was noted 
almost simultaneously in all the areas where the insect was under observation in 
the Quebec City area. Microscopic examination of moribund larvae revealed the 
presence of polyhedral bodies in their mid-gut epithelium. Dead larvae were 
found either lying under the infested trees or glued to the leaves. As far as 
could be estimated, only about 20 per cent of first generation larvae could suc- 
cessfully complete development and spin cocoons. Adults emerged from these 
cocoons by the end of August and laid eggs, but all larvae died within one and 
a half to two weeks without reaching the third instar. 


In the spring of 1958 imagos were induced to lay eggs on poplars planted 
in the greenhouse. All the larvae died of poly hedrosis within six to 10 days. 
Finally, a survey made during the summer 1958 showed that T. viminalis had 
practically disappeared from the main foci of infestation in the Quebec area, 
indicating that the pathogen is extremely virulent. 

Extended examination of dead and moribund larvae showed that the virus 
was the sole cause of death; accompanying bacteria were not pathogenic. As 
far as could be ascertained by consulting the available literature, this is the first 
mention of a virus disease in this species of sawfly. 
angi contribution No. 532, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
2Forest Biology Laboratory, Quebec, P.Q. 
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3Béique, R. . Etude sur la biologie de la Tenthréde du Peuplier, Trichiocampus viminalis (Fall.). 
Int. Rept., For. Biol. Lab., Can. Dept. Agr., Quebec, P.Q. 
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Symptoms of infected larvae 

Larvae stop feeding two or three days after being infected, gradually lose 
their gregarious habits, and disperse. Their normal colour passes from green to 
ivory ‘yellow. Occasionally, the larvae void wet faeces of a rusty-brown colour 
which upon drying fasten them on the leaf (Fi ig. 1). Dead larvae turn brown to 
black and either fall to the ground or remain suspended under the leaf. 








Fig. 1. Sixth-instar larvae of T. viminalis (Fall.) killed by virus. 





Fig. 2. Mid-gut epithelium of a virus infected larva of T. viminalis (Fall.). a. 
Coagulation of chromatin (x600); b. Polyhedra-filled nuclei (x600). 
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TABLE I 
Daily Cumulative Percentage Mortality of Trichiocampus viminalis Larvae in 
Infection Experiment Tests 
Cumulative Percentage Mortality 
lreatments eee _ 





1 2 3 4 5 6 7 8 
Tests with virus suspension 
of polyhedral virus 10° per ml. 

1. Brushed on eggs on petiole 3 12.5 | 76.8 | 80.2 | 94.0 | 100.0 

to 4 days before hatching 
2. Same treatment | 12.5 | 37.5 | 75.0 | 100.0 
3. Brushed on leaves before 33.3 | 49.9 100.0 

introducing neonatal larvae 
4. Same treatment 7.6 | 19.1 | 88.3 | 100.0 
5. Brushed on leaves before 2.7 | 13.8 | 33.2 | 58.2 | 100.0 


introducing first instar larvae 


Forty to 60 hours after infection the disease may be detected by the 
coagulation of chromatin in the nuclei of the epithelial cells of the midgut. 
After about 90 hours the intestine becomes very fragile and may easily be torn 
during dissection. At this stage the coagulation of chromatin is general through- 
out the intestine and the nuclei are usually full of well developed polyhedral 
bodies (Fig. 2a and b), each measuring about one micron. 


Infection tess 

In September 1957 a series of tests was conlienit to follow the course of 
the infection. A suspension of the virus was prepared in the laboratory using 
dead larvae, and infection tests were carried out on second- and third-instar larvae 
collected from points outside Quebec City where the disease was known to be 
absent. One drop of the virus suspension was inoculated through the oral 
opening of each larva. The larvae ceased feeding 24 to 28 hours after applica- 
tion of the inoculum, changed colour after 48 hours and death occurred after 
96 hours. Control larvae developed normally and all spun cocoons. 

In May 1958, in a first series of infection experiments, a suspension of virus 
(conc. 10°/ml) was brushed on eggs freshly laid on the leaf petiole of Populus 
nigra. In a second series the suspension was brushed on the surface of the leaves 
which were fed to first instar larvae. Both experiments were performed in petri 
dishes at 22°C. Results obtained and summarized in Table I show that in all 
cases, mortality occurred within five days. In spite of precautions taken, the 
infection spread to the control rearings and all these larvae died within 14 to 19 
days. This fact either indicated the extreme virulence of the virus or that the 
virus was already existing in a latent form (provirus) in the insect. 
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Book Reviews 


Die Larvalsystematik der Wickler (Tortricidae and Carposinidae) [The 
Larval Systematics of the Tortricoids] By Bernard Schwatschek, 269 pp., 
276 figs. Akademie-Verlag, Berlin, 1958. Price BM $38.00. 

This is the first comparative anatomical study of the larvae of the Tortri- 
coidea, and, although it is based on the fauna of Central Europe and particularly 
of Germany, it will be of great value to all workers interested in the larval 
identification and systematics of the family. Mr. Schwatschek has studied 
larvae of 356 species, comprising 82 per cent of the German fauna and 27 
west- and south-European species. He gives a brief — discussion of larval 
morphology and chaetotaxy, and a key to families o Microlepidoptera, revised 
and improved from that of Gerasimov. In studying the general systematics 
of the Tortricoidea, Mr. Schwatschek has had the advantage of close consultation 
with Dr. N. Obraztsov, the acknowledged authority on the classification of the 
Palaearctic members of the superfamily. Mr. Schwatschek has found it possible 
to harmonize his findings with those of Dr. Obraztsov, though naturally his 
new data from larval anatomy have suggested some changes in the earlier 
classification based on adults alone. The characters used by Mr. Schwatschek 
are also to a gratifying extent similar to those used by Miss MacKay in her 
study of Nearctic olethreutid larvae which was in page proof as Supplement 
10 of The Canadian Entomologist when Mr. Schwatschek’s work was received. 

The detailed findings are presented in synoptic descriptions of and keys 
to the various groups and species. In general only characters actually used in 
the diagnosis of a given species or group are described, and only selected 
characters are figured. This will undoubtedly cause difficulty when comparisons 
with additional species or with other faunas are attempted; on the other hand, 
it has made for a compact book, convenient for reference. Mr. Schwatschek 
leans slightly toward large genera, and it is likely that further research will 
permit some of these to be split. One feels, too, that he has sometimes allowed 
too little for variation among individual larvae. These are, however, nar | 
matters of emphasis, and do not affect the basic value of Mr. Schwatschek’s work. 

Of most interest for North American readers is perhaps the treatment of 
higher classification. Mr. Schwatschek recognizes only two families in the 
Tortricoidea: the large family Tortricidae and the small but very distinct family 
Carposinidae; he notes the pyralid-like characters of the latter but considers 
these as plainly due to parallelism. He divides the Tortricidae into three sub- 
families: Tortricinae, Olethreutinae and Phaloniinae. Of these, the last is dis- 
tinct on larval characters, though much less so than on adult characters, a point 
which has also emerged from Miss MacKay’s studies. The Tortricinae and 
Olethreutinae, on the other hand, are not distinguished on any simple larval 
character or combination of characters, and Mr. Schwatschek makes it plain 
that he preserves them only on the basis of traditional adult classification. He 
follows Dr. Obraztsov in dividing the Tortricinae into the three tribes Archipsini, 
Cnephasiini and Tortricini; the larval characters agree reasonably well with 
this division. With minor rearrangements he follows the conventional threefold 
division of Olethreutinae into Olethreutini, Laspeyresiini and Eucosmini, which 
he finds satisfactory from the larval standpoint. 

Although the last word has presse not yet been said about either the 
classification or the larval identification of the Tortricoidea, Mr. Schwatschek 
is to be complimented on this careful and intelligent study of a difficult and 
important group. 


Eugene Munroe 
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Bestimmungstabellen der Blattminen von Europa. [Keys for the identi- 
fication of the Leaf Miners of Europe], volumes 1-3, by E. M. Hering. Vol. 

1: 648 pp.; vol. 2: 537 pp.; vol. 3: 221 pp.; 725 figs. W. Junk, The Hague, 

Netherlands. 1957. Price, 3 vols., 180 guilders. 

This publication is a considerably enlarged and revised version of Dr. 
Hering’s Die Blattminen Mittel und Nord-Europas, which was published about 
20 years ago. The present work includes the leaf miners of Europe, of the 
North African countries bordering the Mediterranean Sea, and of the Canary 
Islands. It brings to fruition the results of Dr. Hering’s 35 years of concentrated 
study of the leaf miners of the orders Lepidoptera, Diptera, Coleoptera, and 
Hymenoptera. 


Volume 1 and 2 consist for the most part of detailed keys to the 5,551 
known species. The keys are based mainly on larval behaviour and mine charac- 
teristics. There is a separate key to the miners of each genus of food plants, 
arranged alphabetically, beginning with Abies and ending with Zygophyllum. 
The last portion of volume 2 contains an alphabetical list of the German common 
names of the plant genera, as well as an index to the various genera and species 
of the insects. 


The first part of volume 3 consists of descriptions of 13 new species and 
one new subspecies, as well as a phylogenetic list of the plant families and 
genera concerned and a list of the insect families and genera dealt with. The 
second and larger part of volume 3 is composed of 725 figures of leaves containing 
mines, of anatomical structures, or of larval cases of 852 mining species. The 
figures are arranged according to plant genera, which are arranged alphabetically. 


These three volumes represent the condensation of a considerable knowl- 
edge, presented in a manner that is readily accessible. For the most part, the 
keys and illustrations make it possible to recognize the various species from the 
habits of the larvae. The accurate outline drawings of the leaves may be used 
for identifying most of the plant genera. The nomenclature, for both the 
insects and the plants, is modern. This excellent compilation will for many 
years be indispensable to all students of leaf-mining insects throughout the world. 

T. N. Freeman. 


Insect Migration. By C. B. Williams, xiv + 239 pp., 8 + XVI pls. 48 text figs. 

The Macmillan Co., 1958. Price $6.00. 

The phenomenon of insect migration is a fascinating one. In this book 
it is reviewed by the acknowledged authority on the subject. Dr. Williams is 
able to see the essentials of a complex situation and to describe them briefly 
and interestingly without loss of accuracy, and here he displays this talent to 
the full. After a short historical section, Dr. Williams begins his main account 
with a description of the migrations of Lepidoptera, which are now, largely 
through the impetus given by Dr. Williams’ own earlier work, the best docu- 
mented among insect migrations. He regards the oriented migrations of Lepid- 
optera as being more typical than the largely wind-determined movements of 
locust swarms; as he says, in the last 25 years “the problem has changed from 
‘do butterflies migrate like locusts?’ to ‘do locusts migrate like butterflies?’” The 
section on Lepidoptera is followed by a brief summary of information on other 
insect migrations, including those of locusts. Dr. Williams then goes on to a 
very lucid exposition of the main problems of migration. He notes the variation 
from dense swarms to concerted movements of widely scattered individuals, 
that some migrations are overflows from areas of dense population, that some 
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keep pace with seasonally shifting breeding grounds, and that some are to 
hibernation or aestivation quarters; he shows that return flights, comparable to 
those of birds, occur in many species. He discusses the problem of orientation, 
which, in spite of many hypotheses, remains unsolved. He shows the potency 
of migration as an aid to dispersal, and emphasizes the tremendous range of some 
migratory flights. There is particularly good evidence for the importance of 
migration in populating the British Isles with insects, and this is discussed in 
detail. An interesting chapter compares the migrations of insects with those 
of other animals. The book ends with a useful chapter on methods and a select 
bibliography. 

The text is enlivened by an interesting assortment of half-tone illustrations, 
some of them very striking. The colour plates are less successful, being conven- 
tional in subject matter and indifferent in reproduction. The text and captions 
are marred by a number of misprints, mainly in scientific names: Danais for Danaus 
on Pl. 3, Nyctosia for Nycterosea on pp. 67 and 71, Hippotion liyornica for 
Celerio lineata livornica on p. 70, Utitheisa for Utetheisa and Nemophila for 
Nomophila on p. 71, Numidea for Numidia on p. 80, Hildersheim for Hildesheim 
on p. 87, Nemophula for Nomophila on p. 167, Xanthorrhce for Xanthorhoe on 
p. 168, Myrmithinae for Mermithinae on p. 179, etc. These minor defects do 
not seriously detract from the refreshing and informative volume that Dr. 
Williams has provided for us. 

Eugene Munroe 
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